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FOEE WORD* 


BY 

Dr. CHARLES C. CARPENTER, C.B.E., M.I.C.E., 

President oe the South Metropolitan Gas Company 

Among the direction posts standing up out of the debris of the Great War, few are 
of greater importance to the Nation than those pointing the need of a developed 
Chemical Industry for ensuring its security. 

At all centres of learning a more or less widespread knowledge exists of those 
fundamentals of Chemical Science, the variations on which can be produced or 
directed as necessity may require. If the note-books of the workers thereat cannot 
be classed as “ books of recipes,” to be drawn upon in times of trouble, they constitute, 
at any rate, records of combinations and reactions, together with an ever-widening 
understanding of their properties and potentialities. 

But to put these stores of knowledge to practical large scale use depends less on 
the inspiration of experiment than on the application of experience, both phases of 
development conforming, of course, to the basic principles underlying them. The 
one branch becomes the subject of abstracts made by the various chemical societies, 
and their library shelves form a store house of invaluable^ material which can be 
utilised at short notice. The other is for the most part buried in the process records 
and works drawings of the chemical manufacturers, by whom they are generally 
jealously guarded. 

It is for this reason that the book Mr. Parrish has prepared with such thorough- 
ness is hkely to be so valuable to those interested in the technology of his subject. 
We do not mind the ruggedness of the writing nor the absence of polish in the phrasing. 
We turn to his pages, not for inspiration, nor for visions, but for facts and for figures, 
and we are provided with the very things we seek. We may be sure that when, 
Mr. Parrish gives us a working drawing of a still we can send it straight away to the 
manufacturer, certain that when constructed and erected it will function in the 

* The author desires to exjpress his deep sense of indebtedness to Dr. Carpenter for having written 
the Foreword to this volume, — P. P. 
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manner expected of it. Collaboration between tliose responsible for tbe design of 
large scale cbemical plant can only be a war-time proposition. Meanwhile tbe 
industry will continue to owe much to tbe unselfish labours of workers of tbe type 
of Mr. Parrish. He has placed, through his book, his wide knowledge at the service 
of all seeking information upon the subject of which he treats, and has given particulars 
of yields and costs which must prove o*f great utility to all engaged in the conduct 
of like operations. 

CHAKLES CAEPENTER. 

July 1924 . 
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PEEFACE 


It is estimated tliat 300,000 tons of sulphate of ammonia are annually produced in 
Great Britain by the direct distillation of the ammoniacal liquors arising from gas, 
coke oven, shale distillation, and blast furnace works. The cost of production of 
steam is appreciably higher to-day than it was a decade ago. This has had an 
influence on the production costs of sulphate of ammonia, in which steam represents 
15 to 20 per cent. Yet in no volume or treatise can anything really satisfactory or 
fundamental be found concerning the design of ammonia stills in its relation to 
steam consumption. 

That there are many unexplored fields which lie within the reach of the gas 
and coking industry is undoubted. Of these, not the least significant is the one 
relating to the use of steam in the distillation of gas and coke oven liquors. 

By a modification of existing plant a substantial saving in the cost of the manu- 
facture of sulphate of ammonia can be effected. 

This book attempts to deal with the fundamental principles underlying the 
design of stills, preheaters, condensers, dephlegmators, and coolers, etc., with special 
reference to economy of steam, and the utilisation of potential heat. It foreshadows 
a rearrangement of plant for the manufacture of sulphate of ammonia, and it aims 
at conveying new conceptions which should be of value. 

In addition, the working and control of stills as afiecting many operations are 
dealt with in a practical manner, and in a way which it is hoped will appeal not 
alone to chemists, engineers, and technologists, but to chemical works operatives. 

The pecuniary aspect has not been overlooked, and it is believed that many 
commercial men will welcome the chapter dealing with the considerations governing 
the price of gas liquor, as also the financial statements furnished in Chapters VIII. 
and XL 

In attempting to make the book of real service to the gas, coke oven, and 
chemical industries, the author has taken advantage of the generous help of many 
chemical and gas engineering firms, and he desires to acknowledge fully the assist- 
ance so readily given in furnishing blocks, drawings, and other useful data. The 
author has made use of the Chief Alkali Inspector’s Reports, the proceedings of 
technical societies, and articles appearing in the technical press. In such cases due 
acknowledgment has been made in the text. 

Moreover, his thanks are due to his colleague, Mr. 0. W. Weight, who has 
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critically perused most of tLe typescript, and from whom many valuable suggestions 
have been received. Mr. F. C. Snelling has undertaken the task of reading the 
volume, and of checking the calculations and heat balances, and the assistance 
which he has rendered is highly appreciated, as indeed is that of Messrs. C. E. Parr 
and C. H. E. Maggs. 

It is impossible to prepare a book of this character without incorporating the 
ideas and principles which are intuitively acquired as a result of association wdth 
the of&cials and staff of the Company with which one is connected. Whatever 
merit this boolr may possess as an endeavour to reach fundamental principles, it is 
certain that this is in no small degree attributable to Dr. Chas. C. Carpenter, M.I.C.E. , 
and Mr. B. V. Evans, F.I.C. (Chief Chemist and Products Manager of the South 
Metropolitan Gas Company), for whose kindly help and encouragement the author 
wishes to record his appreciation, as indeed his thanks for permission to publish 
this volume. 

P. PARRISH. 

Blackhbath, S.E. 

June 1924. 
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CHAPTEE I 


A GENEEAL SUEYEY 



Introductory 

That a need exists for a manual dealing with the design and working of ammonia 
stills is undoubted. Singularly little published matter is to be found respecting the 
design of plant in which distillation operations are effected. Why this is so is not 
far to seek. Many processes have been handed down by plant producers in the 
chemical engineering industry undeveloped, or developed to such an extent as to 
be of practical utility. Distillation plant is no exception. But the plant has in- 
variably preceded the determination of the physico-chemical data which are calcu- 
lated to aid design, and which, presumably, would ensure a more efficient unit of 
plant. In other words, design in the past has been largely empirical, and engineers 
have not been in a position, or if in position have been disinclined, to give details 
of the considerations leading to the adoption of the characteristics of the plant. 

^ One would hardly expect distillation apparatus evolved under the conditions 
indicated to reach the acme of perfection. It is certain that questions of heat 
transmission, and the economics of steam consumption in their relationship to the 
physico-chemical principles involved, have not been the dominant considerations 
of the design. Not infrequently, purely mechanical considerations have been the 
actors largely governing the evolution of stills and accessory plant in the past. 
The almost complete absence of any definite attempt to correlate or co-ordinate the 
theorems of the laboratory to actual still design is striking. Much excellent matter 
has been published on the subject of fractional distillation. Indeed, Young’s book 
on this subject may be regarded as a model of its kind. But it is essentially one 
dealing with the aspects of fractional distillation as viewed from the chemical 
laboratory. Young does not sensibly concern himself with the application of the 
laboratory processes to plant. 

Any initial attempt at co-ordination must be largely tentative, but a measure 
of Its success will be gauged by the extent to which the present darkness is per- 
meated by the illuminating rays of such co-ordinating effort. So insistent has the 
need for purity become during the last few years that many manufacturers have 
been perforce compelled to refine their products in order to market them successfully. 
Fractional distillation has often ofiiered the most readily available and most 
economical means to this end. Thus there has been a distinct impetus to creative 
development, and improvements in still design and accessory plant must sooner or 
later inevitably result. 

To cover the whole gamut of distillation operations would be impossible in the 
present volume. The author’s intention to limit the present manual to ammonia 
stills and accessory plant merely arises from a desire to deal with the subject in some 
detail, rather than attempt to cover a larger field in a general manner. 

From communications which have been received from several sources, it has 
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been made increasingly evident by chemists, coke oven managers, gas engineers, and 
chemical manufacturers that a book dealing with the various ammonia distillation 
processes from the points of view of design and working would be appreciated. 

Four considerations of significance are ever dominant in connection with 
ammonia distillation processes to-day. These are (1) increased productive capacity 
consistent with efficient removal of the ammonia ; (2) economy of steam con- 
sumption ; (3) efficient utilisation of available heat ; and (4) the disposal of the 
waste liquor. 

Without doubt, the increased cost of labour and the competition, both actual 
and prospective, of other sources of ammonia account for the first consideration. 
The second and third aspects are largely due to the increased cost of” fuel — both 
high class and low grade. The fourth consideration is the result of greater activity 
on the part of county councils and river boards in preventing pollution of rivers 
and streams by waste liquor of a noxious character. 

To ensure greater productive capacity of the still with the maintenance of a 
satisfactory waste liquor, and with economy of steam, is not a simple proposition. 

By a modification of the design of stills an economy of steam can be effected ; 
and certainly efforts must be made in this direction. But so far as concerns ammonia 
stills used in the manufacture of sulphate of ammonia, the greatest economy is likely 
to accrue from a better utilisation of the available heat of the process. The existing 
arrangement of plant does not provide for anything approaching complete con- 
servation of the heat rendered serviceable. An attempt will be made to show the 
directions in which improved working results can be secured in this connection. 

Apart from the foregoing aspects, the more efficient generation of steam from 
low-grade fuel is a problem which will materially assist in fuel economy. Most 
gasworks and coke ovens have available low-grade fuel, usually in the form of breeze. 
The value of this material a few decades ago can be readily appreciated from an 
examination of the following statement of the cost of manufacture of sulphate of 
ammonia presented by the late Alfred Colson, M.I.C.E., in a presidential address 
before the Incorporated Institution of Gas Engineers in 1894. 

The statement in question is subjoined (see Table 1). 

Colson remarked, on the subject of the item for breeze, that “ for sulphate of 
ammonia manufacture steam is raised entirely by breeze dust used under forced 
draught, and as this material has frequently to be disposed of as refuse at some 
little expense, sulphate is debited with the cost of carriage only, which is seen to be 
insignificant.” 

In contrasting the above conditions with those existing to-day, when breeze is 
realising between twelve and fourteen shillings per ton, it will be realised how 
important the cheap and efficient generation of steam becomes. This is not alone 
a problem with which this country is faced. It is equally insistent on the Continent, 
particularly as affecting those works which distil sewage liquors in the production 
of sulphate of ammonia, and in those factories which regenerate or recover by 
distillation ammonia in the Solvay ammonia-soda process. The writer therefore 
offers no apology for assigning a chapter of the present volume to the subject of 
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A GENERAL SURVEY OF THE SUBJECT 

Table 1 


Sulphate oe Ammonia Manupactuee eor the Year 1893 


Dr. 


Ammoniacal liquor distilled, 
3,700,096 gallons, 10 oz. strength. 


Ammoniacal liquor made, Qr. 

3,588,096 gallons, 10 oz. strength. 




Per Ton of 



Sulphate 



made. 


£ s. d. 


To Stock .... 

4,988 19 7 


Salaries 

176 5 0 

0 2 5-19 

Wages 

784 8 1 

0 10 9-92 

Repairs and mainten- 



ance 

415 10 7 

0 5 8-82 

‘ Fuel .... 

5 16 11 

0 0 0-96 

Sulphuric acid, 131 



tons 2 cwt. 

2,678 6 2 

1 15 7-04 

Lime, 136 tons 6 cwt. 

129 7 9 

0 1 9-43 

Rags .... 

165 2 9 

0 2 3-35 

Carriage (liquor) 

99 8 2 

0 1 4-46 

Carriage (sulphate) . 

307 14 11 

0 4 2-97 

Stationery and print- 



ing . 

7 7 11 

0 0 1-22 

Gas 

69 4 3 

0 0 9-80 

Water .... 

29 17 1 

0 0 4-94 

Depreciation 

463 2 4 

0 6 4-70 

Interest 

392 2 0 

0 6 4-94 

Loss on sulphur re- 



covery 

35 0 5 

0 0 6-80 

Sundries 

63 9 4 

0 0 10-51 


10,701 3 3 

3 18 10-11 1 

To Balance, being amount 



realised for the year . 

12,038 14 5 



22,739 17 8 


Amount realised per ton 



of liquor made (10 oz.). 



14s. 9-15d. 


1 


By Sulphate of ammonia, 
148 tons 14 cwt. . 
Stock .... 


£ s. d. 

17,704 17 0 
6,036 0 8 


Amount realised per 
ton of coal carbonised, 
2s. 3-55d. 


22,739 17 8 


steam generation from low-grade fuel, and for indicating directions in wliich improved 
results can be attained. 

In the matter of gas liquor and boiler feed water preheaters, condensers, de- 
phlegmators, and interchange heaters, no less than stills, to which sufficient reference 
has already been made, there is need for a reconsideration of the design of such 
apparatus. ^ It is believed that established practice should be tempered and shaped 
by the considerations of scientific knowledge and data which have accumulated as 
a result of careful investigation. 
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Much of the plant indicated above is not efficiently designed from the point 
of view of heat transfer. Many types of dephlegmators and condensers in connection 
with liquor ammonia plants are of an unsuitable character, where the transfer of 
heat is not aided to any sensible degree by the creation of turbulent motion, and 
where such factors as viscosity, straight line flow, critical velocity of the liquid and 
vapour have not been adequately contemplated. 

Apart from heat transference in connection with the dephldgmators, etc., of 
liquor ammonia plants, the removal of the whole of the water in order to produce 
a dry ammonia gas is a problem fraught with several considerations. As the vapour 
pressure of ammonia is greater than that of water, by slow and regulated cooling, 
and the maintenance of the temperature of the steam-ammonia stream slightly 
below its dew-point, it is possible to reflux the whole of the water necessary to give 
a dry ammonia gas with a minimum of ammonia. The less the content of ammonia 
in the reflux, the less heat required for its disengagement, and the less work imposed 
on the finishing still. 

In the decarbonation and desulphurisation of ammoniacal liquors in the pro- 
duction of caustic ammonia there are many interesting problems of design involved, 
reference to which will be made in detail in the chapter assigned to this particular 
phase of the subject. 

This introductory chapter is merely intended to show the many and complex 
problems which will need to be treated. 

The appropriation of a chapter to the stills and accessory plant used by the 
ammonia-soda industry should prove apposite in view of the appreciably stronger 
solutions of ammonia with which these plants invariably deal as contrasted with 
the ammoniacal liquors arising from gas, coke oven, blast furnace, and shale 
distillation works. 


CHAPTER II 


THE PRODUCTION OF STEAM PROM LOW-GRADE FUEL 

General 

There appears to be no better medium for disengaging ammonia from ammoniacal 
solutions than steam. Its physical properties undoubtedly favour its use. Those 
ammonia distillation works which are adjacent to gasworks and coke ovens where 
large quantities of coal are carbonised or “ coked ” have immediately at hand a 
relatively cheap low-grade fuel, when contrasted calorific value for calorific value 
with the cosit of higher grade material. 

The production of steam from low-grade fuel becomes at once a matter of funda- 
mental importance to such chemical works. There is still ample opportunity for 
improvement in the utilisation of this material. 

“ Coke breeze ” is an indefinite term. Some gas engineers describe it as all the 
material passing a |-inch screen. Others would regard such material, or at least 
that passing a j-inch screen, as coke dust. Whether a specification for breeze will 
ever become practical politics is a matter of doubt. Many attempts have been 
directed to the adoption of a specification, but so far these efforts have proved 
unavailing. 

Characteristics oe Breeze 

The author’s experience of coke breeze resulting from gasworks carbonising coal 
with an ash content of about 9 per cent (dry basis), and where the screening of the 
coke is efficient, and where care is exercised in quenching, is that an average ash 
content is 21 per cent, and the average moisture content 10 per cent, giving a 
calorific value of approximately 10,080 B.Th.U. per pound. Screening tests of 
such breeze reveal the following characteristics : 


Table 2 


Percentage 

passing a -^-inch screen 

. 25-74 

53 

53 

„ l-inch „ 

. 43-05 

33 

33 

„ yVinch „ 

. 71-66 

33 

Remaining 

33 

„ T-Vinch „ 

. 83-72 

. 16-28 


If the 25 '74 per cent of |^-inch material was removed by screening, no serious 
objection could be raised to the combustion of such fuel for steam generation. It is 
the tendency of the finer material (that passing a -^-inch screen) to choke the inter- 
stices of the otherwise reasonably porous fuel bed, which creates for breeze a certain 
degree of odium. This tendency to consolidate the mass, thus increasing the resist- 
ance and rendering uniform distribution of air at a reasonable pressure next to 
impossible, is the chief disadvantage which one has to face. It is seen that the fuel 
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bed is somewiiat tjpical of the sand lute. Although porous, there is no uniform 
porosity, and such pressures have to he induced by the operation of the steam blasts 
as invariably lead to an excess of air beyond that theoretically required for the 
combustion of the carbonaceous matter of the fuel. 


Forced Draught Furnaces for Breeze Combustion 

There are many forced draught furnaces suitable for the combustion of breeze 
on the market. Those in popular favour are the “ Crosthwaite,” “ Meldrum,” 
‘‘ Victoria,” “ Superheat,” “ Turbine,” and “ Wilton.” 



New Type 



Fig. 1. — Gkaph of Steam Pressures, etc. ; New and Old Type Furnace. 


Generally speaking, the furnaces named are for the most part constituted of a 
series of cast-iron air tubes, built in sections. Each section is provided with serra- 
tions so arranged that it can form a series of perforations with the abutting section. 
A blanked end section is provided for each furnace, so that the air for the combustion 
of the fuel passes through sections, or perforations formed by the various sections 
when assembled. 

The air for combustion is delivered through suitable jets, or nozzles, the orifices 
of which vary with different makes. In connection with the “ Crosthwaite ” 
furnace a nozzle having a ^-inch diameter orifice is used. With the “ Turbine ” the 
diameter of the nozzle is yV inch. 

Recent improvements in the design of furnaces for the combustion of breeze 
have been directed to the number and size of the holes for the admission of air, with 
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minimum dust percolation, to tiie blast pressure, as well as to tire production of a 
supply of secondary air. 

That tbere was room for improvement as regards tbe distribution of air is 
demonstrated by an examination of fig. 1, stowing bow tbe pressure varies tbrougb- 
out tbe grate when contrasting a new and an old type of furnace. Fig. 2 shows tbe 
Turbine patent forced draught furnace, concerning tbe mechanical construction 
of which it IS not necessary to enter into great detail, as the features are well illus- 
trated in fig. 3. The principle of the furnace is based upon the impulse turbine, the 



Cross Section- Front Elevation. 


Fig. 2. — Section op Tubbine Fike-grate. 

air trough corresponding to the nozzle, and the fire-bars to the blade of the turbine. 
The air is forced between the bars, and passes into the furnace in the form of fine air 
sprays. Due to the proportioning of the air trough, and the shape of the bars, 
equality of air distribution is effected. The steam jets used are exceedingly small, 
being only xV-mch diameter, as has already been indicated. The consumption of 
steam at the jets is said to be very low, and this is one of the important claims in 
respect of this type of furnace. 

Fig. 4 represents a section showing the grate and valvular dead plate as supplied 
by Messrs. Meldrums, Ltd., of Manchester. The dead plate valve automatically 
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opens on closing the furnace door, and admits tlie introduction of the necessary 
secondary air under positive pressure for whatever period is deemed necessary. By 





Eig. 4. — Mbldbum’s Eire-bars and Grate. 


a slight side knock of the lever on the furnace door, the closing of the valve can 
he elfected. 

h gives details of a recently designed and tested new form of grate bar. 
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specially adapted for low-grade fuel.. It will be seen that vertical or inclined air 
spaces bave been dispensed with, and tlie draught, is exerted horizontally, preventing 
unburnt fuel dropping through, as alike avoiding undue and upward draught to lift 
the fuel. Pig, 6 represents the Meldrum forced draught furnace. 



Fig. 5. — Meldrum’s Fire-bars for Combustion op Coke Breeze. 


Consideration of fig. 7, which represents a Crosthwaite bar, and also fig. 12, 
showing a section of a fire-grate fitted with a Crosthwaite forced draught furnace, 
will show that the primary air supply is a function of the pressure at which the steam 



Fig. 6. — Meldrum’s Patent Forced Draught Furnace. 


blasts are operated, and the resistance caused' by the fuel bed. The initial pressure 
created by forcing air through the fuel bed is counterbalanced by the suction of the 
chimney, and the point of equilibrium is usually above the fuel bed. The secondary 
air supply is determined by the chimney draught, and the extent to which the 
secondary air ports are controlled by the adjustable slides shown. The latter 
provision is one which the author has found it necessary to adopt in order to afford 
better control of the secondary air. 
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6 <^/fOOl^£S ABOUT ^'^8 RAD. 



Pig. 7. Crosthwaiti!! Patent Forced Draught Furnace. 


Breeze Combustion — Practical Considerations 

The suggestion has been made that the best results are obtained bv admitting 
such a quantity of primary air as will lead to the formation of carbon monoxide 
winch can be subsequently burned to carbon dioxide. The reputed merit of this 
method of procedure is that it is possible to ensure a high COj content in the waste 

The autlior’s experience of the combustion of coke breeze in forced draught 
urnaces does not confirm this view. Combustion would be seriously retarded if an 
a emp were made to restrict the supply of primary air to such proportions as 
would lead to the formation of carbon monoxide. The resistance offered by the fuel 
bed demands the introduction of a quantity of primary air sufficient to yield CO,. 

nalyses of the gases above the fuel bed, when the latter is reasonablv clean, 
and under foil blast, show results as high as 16-5 per cent COg and 6-4 per cent CO. 
With a series of boilers working into a common shaft it is found by continuous 
recording apparatus that the waste gases can be maintained with an average content 
ot 11 to 12 per cent of COg. 

The importance of directing attention to the COg content of the waste gases is 
strikingly shown in the subjoined table, indicating the lb. of air per lb. of breeze 
(calorific value 10,080 B.Th.U.), in relation to the percentage of COg. 
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Table 3 


Percentage COg in 
Chimney Gases. 

Percentage Excess 
Air. 

Lb. Excess Air / 
used per lb. of Full. * 

L 

5 

250 

20-20 

6 

200 

16-10 

7 

162 

13-10 

8 

133 

10-70 

9 

110 

8-86 

10 

91 

7-35 

11 

75 

6-05 

12 

62 

5-00 

13 

50 

4-03 

14 

40 

3-22 

15 

31 

2-50 



Maximum COg, 20 per cent. Air required per lb. fuel, 11-6 x -695 lb. 


All excess air over that theoretically required carries away heat units which 
cannot be completely recovered. To work with a theoretical percentage of COg 
is not desirable, but with higher grade fuel and efidcient hand stoking the analyses 
of the waste gases should be approximately 5 per cent Og, 13 to 15 per cent COg, and 
CO should be absent. The latter figures are hardly to be expected with breeze of 
the quality indicated. The essential points arising in the working and control of a 
battery of boilers where breeze is exclusively used, together Avith details of the results 
obtained, will now be given under various headings, for the sake of convenient 
reference. 


Mechanical Plant for Breeze Combustion 

There has always been considerable hesitation in resorting to mechanical plant 
for the combustion of breeze in connection with boiler installations, having regard 
to the peculiar characteristics of this quality of low-grade fuel. 

Eecently, however, an installation was put into commission at the Bradford 
Eoad Gasworks of the Manchester Corporation. In this installation the breeze 
arrives by an overhead telpher conveyor, and from this point to the time the ashes 
and clinker are dumped into carts for removal, the handling is automatically effected. 

The plant comprises three Sterling water tube boilers, each having a heating 
surface of approximately 3400 square feet, and a normal evaporation of 1^500 lb. of 
water per hour. The wbrking steam pressure is 160 lb. per square inch. The three 
such boilers are fitted with an economiser of 280 tubes, having a heating surface of 
2800 square feet. Each of the boilers is provided with one Underfeed Class A self- 
contained travelling grate stoker (see fig. 8), with grates 6 ft. 2 in. Avide, and 14 ft. 3| in 

ii3A 
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long, representing 88 square feet of grate area. The power absorbed by the stoker 
complete, including the fans, is 4 h.p. 

In combination with the above mechanical apparatus, is an Underfeed patent 
water-sluicing arrangement, for handling ashes and clinker as they arise continuously 
at the end of the stoker. The trough from which the ashes are discharged is built 
into the boiler setting, the general arrangement of which is shown in fig. 9. 

The Underfeed self - con- 
tained A-type of impelled 
draught travelling grate stoker 
is peculiarly suitable for the 
combustion of coke breeze. The 
stoker consists of an endless 
chain, or grate, and heavy box- 
shaped fire-bars, mounted on 
driving chains, connected in the 
usual way to sprocket wheels, 
attached to the driving shaft by 
a special driving mechanism at 
the front of the stoker. A 
transverse view of the box- 
shaped fire - bars shows that 
they are constituted of heavy 
framework, having internally a 
number of small fire-bars. Thus 
the whole slow moving grate 
surface consists of a very large 
number of small fire-bars, with 
a widely distributed air supply. 

It is next to impossible for 
any coke breeze to fall through 
the grate. 

In the event of any of the 

small bars burning out. they 9,_aebakoement o, Dboharge OF Ashes from 

can be replaced at once. The Travelling Grate. 

main structure of the grate is 

not affected. In the process of travelling around the back driven shaft, they open 
out automatically and drop the ashes into the trough, subsequently coming together 
on the bottom horizontal travel. 

The deposition of the ashes and clinker is a simple matter. 

For the forced draught arrangement fans are used, to give the necessary 
current of air, which is delivered through the trunk to a wind box at each side of 
the stoker. The total horse power required to drive the fans and supply the air is 
said to be only 0-3 per cent of the evaporation of the boiler. This is a low figure 
when contrasted with steam jets, data for which have already been given. 
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The formation of drift is said to be largely avoided, due to the design of the 
stoker, and the final arresting of smaller quantities which arise in the sluicing ash 
conveyors. Approximately 3 tons of breeze per hour are being burned on the 
installation in question. 

Many of the succeeding data, and much of the information which follows, are 
largely based on the author’s practical experience of the operation of a battery of 
twelve Lancashire boilers (all provided with forced draught furnaces for the com- 
bustion of breeze), which are for the most part used for the generation of steam 
required in the distillation of gas liquor. 


Boiler Feed Water — Softening and Purification 

This is a large subject, and demands a manual alone — ^not a succinct treatment 
such as is here necessitated. The substances occurring in boiler feed water may be 
broadly classified as follows : (a) those giving hardness ; (b) those promoting 
corrosion ; (c) organic matter, and (d) those without action, except when present 
in high concentrations. 

The conducting power of calcium carbonate for heat is one-seventeenth that of 
iron, and calcium sulphate is one-forty-eighth that of iron. A deposit one-sixteenth 
of an inch thick, Eankine states, would raise the fuel consumption by 16 per cent ; 
a quarter of an inch thick by 50 per cent, and half an inch thick by 150 per cent. 
Such deposits are alike dangerous and a source of loss. The efficiency of any type 
of boiler is roughly proportional to the excess of initial flame temperature over the 
chimney temperature. The attack of boiler plates may result from over-heating, 
galvanic action, grooving, pitting, and corrosion. Scale formation leads to over- 
heating.^ Galvanic action is caused by an attack between two dissimilar metals, 
such as iron and copper. This action is very slight in alkaline solution, but traces 
of acid sensibly accentuate it. To remedy the defect named, it is necessary to 
bring another metal more susceptible of attack than iron in contact with the boiler 
shelly Zinc is invariably used. To ensure that there is such contact, an electrical 
test should be applied. Grooving is caused by bending of the plates, due to alternate 
heating and cooling. Pitting and corrosion arise from carbonic acid in the presence 
of dissolved oxygen. 

The object to be achieved in the softening and purification of boiler feed water 
is to convert substances which form a hard scale into those which give a soft scale, 
and to render all corrosive substances harmless. 


Impurities in Boiler Feed Water 

Temporary hardness may be due to calcium and magnesium bicarbonates. 
Preheating of the feed water is a useful remedy, but it is seldom that a sufficient 
temperature is reached, or that the preheating is of adequate duration to disengage 
the whole of the carbon dioxide. Hence calcium carbonate is not completely pre- 
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cipitated. Generally speaking, it is preferable to have recourse to cbemical treat- 
ment, which involves the addition of milk of lime. The following reactions represent 
wnat takes place ; 

CaO +CO2 ^CaCOg (this eliminates the free COo in the water) 

2CaHC03 + CaO = 2CaC03 + HgO. 

As with calcium carbonate, so to a large extent with magnesium carbonate and 
bicarbonate. Magnesium carbonate, however, is more soluble in water than the 
calcium carbonate. In the boiler it is decomposed to magnesium hydrate and 
carbon dioxide. 

Complete dissociation is a function of the temperature attained. Magnesium 
hydrate in the presence of acids promotes the formation of scale, and not improbably 
aids corrosion. Magnesium carbonate should be completely removed. In view of 
Its solubility, sufficient milk of lime should be added to give the following reaction : 

MgCOg +Ca( 0 H )2 = CaC 03 +Mg(0H)2. 

The usual treatment for permanent hardness, which is caused by the chlorides 
and sulphates of calcium and magnesium, is the addition of sodium carbonate thus : 

(a) CaSO^ +Na2C03 = CaC03 +Na2S04. 

(b) MgSO^ + NagCOg^MgCOg + NagSO^. 

Calcium sulphate forms a very hard scale, and serves as a binding agent. 

Magnesium chloride is usually regarded as one of the most harmful salts occurring 
in water, (iecomposing, as it does, in the boiler, and forming free hydrochloric acid. 
The following equations indicate the reactions : 

MgCl 2 + 2H2O = Mg(OH )2 + 2 HC 1 . 

2 HC 1 + Fe =FeCl2 + H2. 

Mg( 0 H )2 + FeClg =MgCl2 + FeO. 

Two or three methods have been recommended to minimise the effect of these 
compounds. Some favour the use of tannin ; others consider tannin may cause 
corrosion of the boiler. Probably the best remedy is to remove magnesium effectively, 
or to add alkali to the water in sufficient quantity to combine with any acid liberated' 
Sodium hydrate is best in this case. If sodium carbonate is used, lime must be 
added to combine with the COg. If lime alone is used calcium chloride and magnesium 
hydrate result. It has to be remembered that calcium chloride is not altogether 
harmless. Mere mention can only be made of the necessity for the treatment of 
water containing oxygen, silica, or iron salts, etc. 

Consideration must be given to the cost of treating the water, the debit and 
credit items being duly taken into account. 

There are several methods for softening water available — soda and lime, “ per- 
mutit,” heat treatment, and caustic soda, etc. The author favours the former on 
the ground of cost. 
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Water-softening Plant 

The water-softening plant should be simple and automatic as regards construc- 
tion, ensuring thorough mixing of the reagents with the water. The filtration portion 
of the plant should be adequate, and efficiently designed. 

Fig 10 shows a particularly efficient type of apparatus by which the quantity of 
reagents is not only measured, but is admixed with a measured quantity of water to 
be treated. Fig. 11 represents a typical filtration plant for the treated water. In 
connection with such plant, a definite settlement is provided for, after which the 
water is subsequently passed through the filtration section, which is constituted of 
a suitable grid arrangement with wood wool as the filtering medium. 

The necessity for chemical control cannot be too strongly urged. 

The following statement represents tlie cost of treating the Metropolitan Water 
Board’s (Kent) water, varying in hardness from 18° to 22°. 


Cost of softening Kent Water (Hardness 18°-22°), based on the 
Softening of 30 Million Gallons per Year 

Cost per 1000 Gallons 

d. 

Lime : b34 lb. at 37s. 9d. per ton . . . -27 

Soda ash : 0-74 lb. at £8 per ton . . . -63 


0*90 

Control of Boiler Feed Water 

Where the steam load is a fairly uniform one, as is the case in most ammonia 
distillation works, it is desirable to maintain a regular feed of water, as far as the 
working of the boilers will allow. This does not necessarily mean that the supply 
to each boiler will be absolutely uniform throughout the twenty-four hours of the 
day. At certain periods {e.g. clinkering), it is usual to reduce the rate of feed slightly 
until this operation has been completed. Nevertheless, this slight irregularity is 
not appreciable when viewed from the operation of the installation as a whole. The 
importance of a regular feed of water to the boilers is enhanced when the arrange- 
ments at the ammonia distillation works provide for interchange heating between 
(say) the waste liquor and the boiler feed water, as is usual at some works. 

Trouble from steam “ locks ” would be prevalent in the event of the flow of 
boiler feed water to the interchange heaters being checked for too long a period. 


Stoking 

It is as important to avoid a too deep fuel bed as it is to maintain the full area 
of the grate uniformly covered with fuel. This is no easy matter with a forced 
draught furnace where breeze is the fuel. When the fire is dirty, and clinkering time 
is reached, the bed should be divided longitudinally. Any freshly ignited fuel (and 
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Fig. 10. Watek-softening Abraegemeet, Reagent Apparatus 
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ignited fuel should be transferred to the clean half of the grate, and the clinker and 
ashes removed from the remaining dirty side. Subsequently, the ignited fuel should 



be spread uniformly over the grate area, and a thin layer of breeze evenly distributed 
throughout. Whether the steam jets should be maintained at a slightly reduced 
velocity during clinkering, or whether they should be shut off altogether, appears 


Fig. 11 . — Watek-softening ARRANGEiviEifT, Filtration Apparatus. 
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to be a matter of opinion. Personally, the author favours the passage of steam 
through the jets at a reduced velocity, as it promotes incandescence of such com- 
bustible matter as remains during the clinkering operation, and facilitates the ignition 
of the fresh material after it is charged. 

Comterbalanced dampers should be provided, and these should be capable of 
manipulation from the position where the stoker does the charging. During clinker- 
mg the dampers should be checked, so as to avoid unnecessary cooling of the tubes 
and hues, as alike dilution of the hue gases. Meanwhile, the depth of fire should be 
gradually built up, and the blow-holes through which the induced air- is found to 
penetrate should be covered. 

T infrequently to be opened, and thus dilution arises, 

io hre lightly and often would be sound advice, but for the introduction of redundant 
air. A compromise of these two diverse inhuences must therefore be arranged. 

The bed of fuel will gradually begin to accumulate in depth, but it is desirable 
o maintain it at all times uniform, and the grate fully covered. The eventual depth 
should not exceed six to eight inches. 

Firemen who pile up their fires unduly, and increase the velocity of the steam 
through the blasts, thus promoting all the conditions for producer gas-making 
should be taught the folly of such methods. An appreciation of the fundamental 
principles of steam generation should be made clear, and should be suitably urged. 


Clinkering 

Systematic and careful clinkering has an important bearing on the efficiency of 
the results secured. It is usual to clinker the fires twice each eight-hour shift, but 
owing to the varying quality of the fuel no irrevocable rule can be imposed. With 
coke breeze high in ash and moisture contents it is necessary to clinker three times 
each eight-hour shift. When working a series of Lancashire boilers, it is important 
that the clinkering operation should be conducted, as far as the quality of the fuel 
will allow, to a time table. If ten boilers are working, and the fuel is of reasonable 
porosity, it is seen that twenty fires have to be cleaned in 240 minutes. This allows 
12 mmutes per fire. It is usual to clinker and clean the left-hand fires in boilers 
1-10 in consecutive order, and then to proceed in the same order with the cleaning 
of the right-hand fires. The necessity for quick cleaning and recharging is self- 
evident. It is important that the air tubes should be kept clean. Fine dust passes 
through the perforations of the bars and must be removed periodically. 


Arrangement of Boiler Furnace Bridges 

Fig. 12 shows that a split bridge is used, the preheated secondary air emerging 
between the primary and secondary bridges. The secondary bridge assumes the 
curvature of the tube. The primary bridge rests on a suitable cast-iron plate, 
supported on the forced draught bars. 
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Tio. 12 . — General Arrangement of Lancashire Boiler Fire-grate — Split Bridge. 


Fuel consumed pee Square Foot op Grate Area 

TLe grate area of each, of the boilers is 26 square feet, and the fuel consumed 
varies between 25 and 30 lb. per square foot per hour. Generally speaking, the 
author prefers a 5-ft. long grate to a 6-ft. 6-in. one, occasionally recommended by the 
makers of the forced draught special bars. With a shorter grate it is easier to 
maintain a uniformly covered fuel bed, and in consequence less dilution of the 
products of combustion occurs. 


Evaporation prom and at 100° C. 

An average hgure is 5-5 lb. per lb. of fuel, dependent on the quality of the breeze. 
This figure is with boiler plant devoid of economisers, to which aspect reference will 
be made later. 

Evaporation Capacity op the Boilers 

With a battery of Lancashire boilers, each 27 ft. by 8 ft. diameter, the average 
evaporation from and at 100° C. is 400 to 430 gallons per hour during normal working. 
As the evaporation of water per lb. of average quality breeze is 5-5 lb., and as the 
available heating surface per boiler is 725 square feet, a simple calculation (taking 
the mean evaporation figure) reveals that 1-05 lb. of breeze are burned per hour per 
square foot of heating surface. 

It is said that with hand-fired boilers using coal the combustion of 4 lb. of coaf^ 
per hour per square foot of heating surface usually gives the maximum efficiency. 
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It should be remembered in this connection that intensive working of breeze-fired 
boilers is to be deprecated. The author’s experience suggests that there is a distinct 
relationship between thermal efficiency and productive capacity. A compromise 

as, however, to be made, and the above rate of working has been found to be 
satisfactory on the whole. 


Consumption op Steam at the Blast Jets 
The blast jets have a tendency to enlarge, and periodically it is necessary to 



Fig. 13. — Graph relating to Boiler Jets. 


determine what, if any, enlargement of the orifice has taken place, by testing with a 
standard gauge. Jets which have enlarged can be bushed, and thus they last for 
many years, especially if made of suitable gun-metal. The consumption of steam in 
connection with jets having a ^-inch diameter orifice is shown in the graph above 
(fig. 13), as also is the consumption of an enlarged jet. 

The steam consumption has been correlated with the consumption of water, and 
the following table furnishes these data. 
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Table 4 

Showing Consumption op Steam on Blasts in eelation to Watek 

EVAPORATED PER HoUR 


Pressure at 
Nozzle. 

Lb. per sq. in. 

Steam used in lb. per hour. 

Percentage on Water 
evaporated. 

A. 

B. 

A. 

B, 

5 

80-0 

128-0 

1-86 

2-98 

10 

121-0 

176-0 

2-82 

4-10 

15 

159-0 

208-0 

3-70 

4-84 

20 

184-0 

228-0 

4-30 

5-30 

25 

208-0 

249-0 

4-85 

5-80 

30 

225-0 

270-0 

5-24 

6-28 

35 

242-0 

288-0 

5-50 

6-70 

40 

264-0 

300-0 

6-15 

7-00 


A = |-iiicli jet. 

B = enlarged jet. (After twelve montLs’ use.) 

Evaporation per boiler per Lour, 430 gallons. 

Number of jets per boiler, 8. 

With good quality breeze it is found that combustion proceeds apace when 
working with a pressure at the nozzle of 20 lb. per square inch. This represents a 
consumption of steam of 4'3 lb. per 100 lb. of water evaporated. Based on 46‘66d. 
per ton of steam, it is seen that this represents lid. for steam per ton of breeze 
burned. In other words, this implies a cost for steam for the jets of l-95d. per ton 
of steam. These figures may usually be increased by 60 per cent if the breeze 
contains an unusually high percentage of “ fines.” 

Drift 

The importance of frequent and systematic cleaning of the side and bottom 
flues of the boilers cannot be too strongly urged, if discharge of grit through the 
chimney shafts, with its attendant nuisance, is to be avoided. Entrainment of drift 
(i.e. fine dust and grit) by the products of combustion is a direct function of the 
velocity of the gases. If the gases exceed a speed of six to eight lineal feet per 
second, it would appear that trouble from drift is inevitable. Obviously, as the 
flues begin to accumulate dust, so their cross-sectional areas are greatly reduced, 
with a consequent increase of velocity. If these constrictions of flue areas synchronise 
with a low CO 2 content in the waste gases, then two potent causes are operating in 
the creation of the nuisance. 

It has been found necessary to clean the side and bottom flues each five weeks. 
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The removal by screening of all material passing a l-incb, or even -^V-incb, screen 
would certainly assist in mitigating the trouble. 

The quantity of flue dust removed at each cleaning represents about four tons, 
and the ash content varies between 40 and 80 per cent, according to circumstances. 

Draught 

One chimney, 4 ft. 6 in. square by 90 ft. high, serves two batteries of three 
boilers each — that is, six boilers in all. 

The suction at the bottom of the shaft is usually f-inch water gauge, at the main 
flue |-inch, and the secondary air ports are under yVinch suction. The pressure in 
the primary air conduits is ^ inch, and the products of combustion are in a state of 
equilibrium immediately above and adjacent to the secondary bridge. 


Blow-down and Priming 

The author regards it as essential that all boilers should be “ sludged off,” or 
“ blown down ” each day. A representative sample of such blow-down water 
should be taken each day and complete records kept. 

Typical results are subjoined : 


Table 6 


Boiler No. 

Alkalinity. 

Total Solids. 
Grains per Gall. 

NaOH. 

Grains per Gall. 

NajCOg. 

Grains per Gall. 

4 

M2 

301 

1 — ' 

6 

4-69 

2-94 

289 

4 

M2 

2-94 

263 

6 

3-36 

2-94 

413 

7 

3-36 

5-95 

495 

9 

Nil. 

2-94 

130 

11 

3-36 

5-95 

448 

1 

3-36 

5-95 

434 

2 

7-00 

4-48 

480 


It will be appreciated that there are certain salts which are neither scale-forming 
nor corrosive. The whole of the sodium salts and certain others come under this 
category. Harmless in small quantities, they promote priming when certain con- 
centrations are reached. M'Gill, who has carried out an investigation on the subject 
of priming, draws the following conclusions from his experiments : 

(1) Sodium salts are mainly responsible for priming. At 10 lb. pressure priming 
takes place, when the content of NagO reaches 105 grains per gallon. 


42 


THE DESIGN AND WORKING OF AMMONIA STILLS 

(2) Excess lime will cause priming in tiie presence of saponifiable fats, which, are 
said to be always present in traces in the boiler. 

(3) There is a propensity to priming when solid matter is in suspension. 

While the author’s practical experience does not confirm the conclusions McGill 

has reached, nevertheless his ‘ findings ” are given, as they constitute information 
of importance. 

Cleaning 

It has already been pointed out how important it is to clean regularly say, 

every five weeks, when working under the conditions which are indicated in this 
chapter. Usually a battery of breeze-fired boilers works eight to nine months of the 
year. The period of inactivity is occupied by cleaning at various periods, and at 
least four weeks are occupied in preparing for the annual inspection, and in carrying 
out the necessary work which such an inspection entails. 


Typical Record Sheet, which should be prepared Week by Week 

^ Record sheets of the following character should be kept each week, in order to 
assist in securing more efficient results. The sources of inefficiency should be clearly 
indicated. ^ 


Table 6 


Boiler Record Sheet 

Fuel analysis : (Weekly Results) 

Breeze used 

Moisture . . .6-90 per cent 

Ash . . . . 17-70 

Calculated calorific value, 11,060 B.Th.U. per lb 

No. of boilers in operation (average) 

Volume of feed water to boilers .... 

Less water “ blown down ” . 

Volume of water evaporated .... 
Weight of water evaporated per lb. of fuel 

Temperature of feed water, 50° C 

Average steam pressure, 83-2 lb. . 

Equivalent evaporation from and at 212° F. per lb. of fm 
Thermal efficiency 

Ash in fuel (natural basis) 

True ash in dry clinlrer ..... 

Dry clinker per lb. of fuel ..... 

Combustible matter in dry clinker 

Thermal loss due to combustible matter in clinker 


of fuel 


408-0375 tons 


of fuel. 

7-3 

612,520 galls. 
13,200 „ 
599,320 „ 

6- 56 lb. 
122-00° F. 
97-90 lb. abs. 

7- 21 lb. 

65-20 per cent 

17-70 „ 

87-54 „ 

0-202 lb. 

12-46 per cent 
3-35 „ 
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COg in cliimney gases (cMniney base) 
Excess air used .... 
Temperature of cliimney gases (t) . 
Temperature of boiler bouse 
Heat carried away in chimney gases 


6-70 per cent by vol. 
. 170-00 

. 211-00° C. 

. 30-80° 0. 

19-00 per cent 


Heat converted into dry steam (thermal efficiency) 
Thermal loss due to combustible matter in clinker 
Heat carried away in chimney gases 
Heat unaccounted for (radiation, etc.) . 


65-20 

3-35 

19-00 

12-45 


Average volume of water evaporated per boiler per hour 380 galls. 


OVEE-ALL EfFICIENOY, AND AN EXAMINATION OP THE SOUECES OF LoSS 

An over-all efficiency of 62 per cent is possible with a boiler installation having 
no “ economisers,” where breeze is exclusively used. This figure has reference to a 
year’s working, representing the combustion of several thousands of tons of the low- 
grade fuel in question. 

Itemised general figures are appended : 


Table 7 


Thermal efficiency ..... 

. 62-01 per cent 

Loss : (a) Combustible matter in clinker . 

. 5-73 „ 

(6) Heat escaping in flue gases 

. 16-53 

(c) Unaccounted for . 

. 15-73 


100-00 


The “ unaccounted for ” usually consists of the following items : 

Table 8 

(a) Blow-down water (about) . 

(&) Evaporation of water in fuel 

(c) Heat of clinker ..... 

(d) Heat in flue dust .... 

(e) Combustible matter lost in flue dust (about) 
and (/) Radiation loss ..... 


Loss. 

1- 00 per cent 

5- 00 

2 - 00 „ 

0-78 „ 

0-95 

6 - 00 


15-73 


5? 
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The consideration now arises — how can greater efficiency he secured ? It will 
be seen that the principal source of the loss is due to heat carried away by the pro- 
ducts of combustion. This represents 16-53 per cent. An installation of economisers 
would doubtless reduce this loss by at least 8 per cent. The disposition of the econo- 
misers would need to be specially arranged. In all probability it would be better to 
suspend these in a chamber, the bottom section of which was sufficiently capacious 
to admit of the accumulation of a large quantity of flue dust in such bottom section 
of the chamber so as to prevent the flue dust from reaching the economiser tubes. 
The base of the chamber should be of large area, thus affording low velocity of the 
gases, and allowing of deposition of flue dust. Provision should be made for the 
rernoval of all accumulations during full working. An economiser installation 
designed on some such lines as these, with special supervision given to the scrapers, 
would conceivably function satisfactorily, and it would appear that the saving to be 
effected would amply cover the initial capital expenditure on the necessary plant 
in two or three years’ time. 

The loss in question can also be reduced by obviating the introduction of un- 
necessary air through leaky brickwork. All boiler settings using forced draught 
furnaces should, in the author’s view, be securely braced, and the brickwork of the 
setting should be frequently tarred. 


Grading the Fuel 

The loss of efficiency due to the combustible matter in the clinker and ashes can 
alone be reduced by securing a better uniformity in the size of the breeze. If breeze 
is burned containing a percentage of large coke mixed with it, it is certain that a 
sensible portion of such large coke will be found among the ashes unconsumed. 
The more regular and uniform the size of the breeze, caeteris 'paribus, the less the 
combustible matter in the ashes, and vice versa. 


Cost Sheet 

Eef erence to fig. 14, which furnishes comparative costs per ton of steam generated, 
is interesting. The costs A to H represent published results of several Government 
factories. In order to render a comparison possible with the results at the ammonia 
distillation works burning breeze, denoted in the cost sheet by the letters “ BW,” 
the cost of coal at the Government plants, instead of being calculated on the original 
basis of a flat rate of £1 : 0 : 0 per ton, has been computed at the price at which a 
similar quality coal can be bought, delivered at the ammonia distillation works. 

The rate of 13s. 6d. per ton represents the price at which the low-grade fuel- 
coke breeze — ^is purchased from the adjoining gas "works. 

In other respects the figures speak for themselves, and demonstrate the economy 
resulting from the combustion of coke breeze as contrasted with a higher grade and 
more costly fuel. 



Gasification of Beeeze in Pressure Producers 

Whether the gasification of breeze in pressure producers and the combustion of 
the resultant producer gas in suitable boilers would be a more ejBdcient and economical 
method of dealing with breeze is a moot-point. 

Trials have been made at one or two works, but the results have not been too 
encouraging. W. Chaney, in a paper on “ Producer Gas and Low-grade Fuel,” 
said : “ Gasified alone, the coke dust (all the material passing through a |-inch 
riddle) yielded 95 thousand cubic feet per ton ; the calorific value of the gas being 
114 B.Th.U. per cubic foot. Unfortunately, the throughput per producer diminished 
to such an extent as to jeopardise the use of the coke ovens, and the test had to be 
discontinued.” 

Prof. Cobb {Gas Work?— Coking Section— April 7, 1917) said ; “ Gas producers 
of more orthodox type have been called to aid in the utilisation of low-grade 
fuel, and more particularly in conjunction with ammonia recovery on the Mond 
system. But here also there were difficulties. If the fuel was of a non-caking 
character, such as coke dust, it interposed a considerable resistance, and tended to 


« THE DESIGN AND WORKING OF AMMONIA STILLS 

blow into channels. Any sudden passage of free air in quantity up one of these 
channels introduced a special danger in the gas producer, which was absent from the 

boder furnace. . . . Moreover, since a deep fuel bed had no power of cohesion it had 

a liquid tendency to seek its own level, and to run rapidly and suddenly out of the 
bottom of the lute. This action, by lowering the pressure at the top of the producer, 
might draw in air through any holes or imperfect joints, with consequent danger.” 

Rambush, in an excellent paper on “ Thermal Losses in the Gas Producer ” 
(Society of Chemical Industry, vol. xl., 1921, 129T), gives the following figures as 
affecting a coke breeze non-recovery producer : 

Table 9 


Fuel Analysis (Laboratory Examination). 

Expected Working Results (Cold Gas Analyses). 

Moisture 15% 

On dry sample : 

Ash 30% 

Volatile .... 

VJ /O 

T. carbon . . . . . 64% 

Nett B.Th.U. per lb. . . 9800 

Fuel grading : 

Above inch .... 15% 

inch to 1 inch . . . 36% 

Below 1 inch .... 60% 

CO 2 7-0% 

CO 24-5% 

CH 4 1 - 1 % 

H 2 1 L 0 % 

Ng 56-4% 

Nett B.Th.U. per cubic ft. . 126-7% 

Cals, per cubic metre . . 1127-6% 

Outlet temp, of hot crude 

gases, as ° C 700 

Moisture in hot gases, g. per 
cubic metre (N.T.P.) . . 90 

Percentage carbon in ash . 20 

Tar yield 

Estimation and Calculated Results of Thermal 
Loss in Percentage of Nett Heat Value of the Fuel. 

Sensible Heat Loss in Cals, per Cubic Metre 
of Gas (N.T.P. ). 

Moisture loss 2 - 2 % 

Tar loss J^il, 

Dust and soot loss . . . 2 - 0 % 

Ash loss 10 - 5 % 

Radiation loss . . . . 1 - 2 % 

Leakage losses . . . . 1 - 6 % 

Percentage CO and CI% . . 8-1 

Percentage diatomic gases . 91-9 

Heat in dry gases . . . 224 

Heat in steam .... 30 

Total sensible losses, cals, per 
cubic metre .... 254 

Latent heat of gases . . . 1127-6 

Total heat of hot gas, cals, per 
cubic metre .... 1381-6 

T-, , . latent heatf 

Katio = ; 1 Q-] .A 

total heat j ‘ 

Thermal efi&ciency . . . 62-4 

Total 17 . 40 /^ 

Remaining, in hot gas as total 
sensible and latent heat . . 82-6% 

Sensible heat losses as calculated 
below 16-3% 
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AltiLOugh. it is conceivable that a pressure producer could be designed to over- 
come the mechanical difficulties which are known to be peculiar to breeze, to which 
reference has been made, an impartial consideration of the whole question suggests 
that it is not impolitic to persevere with forced draught boiler installations, adopting 
economisers for the recovery of the major portion of the available heat in the waste 
gases, exercising additional care in the matter of reducing combustible matter in the 
clinker and ashes, and diminishing radiation losses. 

Given increased efficiency from the directions indicated, the production of steam 
from low-grade fuel will be difficult to beat. This is attributable in part to breeze 
being a relatively cheap fuel. 

Recovery of Fuel prom Ashes 

Attention was directed in an article by Dr. H. A. Prager, published in the 
Chemical Age, vol. 8, p. 638, to the recovery of fuel from ashes. Hitherto the 
known methods of fuel recovery have been the so-called “ wet ” and “ dry ” pro- 
cesses. The wet process has been known for several years, but the dry process is a 
comparatively modern invention. Several types of installations have been con- 
structed for extracting the combustible matter by the washing process, by which 
advantage is taken of the difference of specific gravity between the cok.e and the 
clinker. For certain ashes this method gives good results, but clearly the fuel 
recovered will be saturated with water, 20 to 25 per cent being not unusual. It 
would appear that the wet process is unsuitable for ashes containing a large propor- 
tion of fine breeze. Further, if the ashes have a porous structure, the difference 
of specific gravity will not be sufficiently marked to allow of a clean separation, and 
the fuel obtained will be of indifferent quality. 

A method of separation based on an entirely new principle wms introduced a few 
years ago by Ullrich. This is known as the “ dry magnetic process.’’ It depends 
primarily on the fact that practically every coal contains iron as pyrites. During 
combustion oxides are formed, and these pass completely into the slag. It was 
found that the clinker containing the iron oxides is attracted in high magnetic fields, 
whereas the residual combustible matter is not attracted in any way. As the slag 
need only contain minute quantities of iron, the magnetic separation process is 
applicable for ashes arising from almost every quality of coal. A quantity of iron 
in the ashes of about 1-34 per cent, corresponding to a content of about 0-27 per cent 
in the coal, is adequate. In this connection it should be noted that FcgO^ is a 
thousand times more magnetic than FcgOg. 

The separation of the fuel from the clinker is effected on the periphery of a 
rotating drum, inside which are fixed two electro-magnets for the production of the 
magnetic field. As the ashes pass over the drum, the slag is attracted by the field, 
while the non-magnetic coke is automatically projected over a partition and dis- 
charged into trucks. The underside of the drum is not magnetised, so that the 
clinker drops off, and is thus automatically discharged. This is illustrated in fig. 15, 

The separation is remarkably clean, and a high-quality fuel with a calorific value 
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Fig. 15. — Magnetic Separator Drum. 

conical screen, wMcli separates tie 
various sizes, as, for instance, 0 
to I inch, I inch to If inch, and 
If inch to 3 inch. The recovered 
fuel is thus obtained already 
graded. 

The ashes pass from the screen 
to the magnetic separator, and 
after separation the fuel and clinker 
are discharged through chutes into 
trucks. It is known that plants 
have been erected to deal with 
3 tons to 20 tons of ashes per hour 
(see figs. 16 and 17), one separating 
drum dealing with about 2 tons of 
ashes per hour. On an average 
about 90 per cent of the fuel is 
recovered. 

The power consumption for a 
small plant is about h.p. per ton 
of ashes treated hourly, and about 
f h.p. for the same quantity in a 
larger plant. 

The magnetos are excited by 
direct current, the consumption 
being 0-7 to 1 kilowatt per hour 
per ton of ashes, A small plant 
can be operated by two men, while 
plants. 


of 11 to 12 thousand B.Th.U. is secured, 
irrespective of size, whether as coke or 
breeze. When it is remembered that breeze 
constitutes about one-third to one-half of 
the total fuel content, it will be seen that 
this is one of the great advantages of the 
dry magnetic process. Such breeze is largely 
lost in the wet process. 

This process should be erected on the 
works where the ashes arise, so as to allow 
of maximum financial advantage. The 
ashes are charged into a hopper, from which 
they are fed on to a bucket elevator by 
means of a shaking chute. The elevator 
carries the small material to a rotating 


Fig. 16. — Fuel Recovery Plant (3-ton). 
three or four men will be required for larger 
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Financial Aspect op Fuel Recovery prom Ashes 



The financial aspect of the process (and this will be the principal consideration 
or works which have at present to dispose of large quantities of ashes from 
boilers) depends essentially on three main factors : (1) character of the ashes to be 
treated ; (2) the extent to which it is 
possible to utilise the plant throughout 
the twenty-four hours of the day; and • 

(3) the labour required. When dealing 
with 48,000 tons of ashes per annum, 
containing 21-7 per cent of combustible 
matter, it is computed that the cost of 
the recovery will be 4s. 6d. per ton. 

As has been indicated, given breeze 
of a reasonably uniform size for com- 
bustion in connection with boiler plants, 
it should be possible to reduce the com- 
bustible matter in the ashes to 10 per 
cent. It appears hardly likely that the 
treatment of such ashes would constitute 
a commercial proposition at the moment. 

It must, however, be borne in mind 
that the dry magnetic process has many 
potentialities, and it is not impossible 
that the operating costs may eventually 
be reduced. Moreover, the slag which 
is separated has a monetary value, in 
that it can be used for making a very 
satisfactory quality of slag bricks. 

Many distillation works not infrequently have large quantities of lime sludge 
available, and with slag free from fuel at their disposal, it should not be beyond the 
resources of such works to find some process of utilising these materials in a way 
which will add to the revenue of the undertakincr. 


Fig. 17. — Fuel Recovery Plant (12 ton). 


The Rating of Boilers 

The capacity of a boiler is invariably stated in “ boiler horse-power.” A boiler 
horse-power means the evaporation of 34'5 lb. of water per hour from and at 212° P. 
To find the boiler horse-power developed, the evaporation from and at 212° F. per 
hour must be determined, and this figure must be divided by 34-5. Take the figure 
of 400 gallons of water per hour, mentioned on page 38, as representing the evapora- 
tion of water, then : 

Boiler horse-power = 4000 lb. ^34-5 = approximately 115 h.p. 
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TLe rated horse-powerj as stated by boilermakers, is the number of square feet 
of beating surface afforded by tbe boiler, divided by a figure of 10, which is assumed 
to represent the amount of heating surface per horse-power per hour. 

In connection with the boilers which have been considered, it will be seen that 
the heating surface of each boiler is 725 square feet ; hence, the rated capacity is 


725 

lo 


= 72-5 


h.p. 


Clearly, the boilers in question are working intensively — indeed, at a capacity 
far in excess of the usual rating of the boilermaker. 



CHAPTER III 


THE COMPOSITION OE AMMONIACAL LIQUOR, AND OTHER DATA 

The following analyses give an indication of tPe average composition of the 
ammoniacal liquors arising at various works : 

Table 10 


Volatile ammonia 
Eixed ammonia . 
Total ammonia . 
(NH4)2S . . 

(NH4)2C03 . . 

NH4CI . . 

NH,CN . . 


Gas Works. 
Per cent w/v. 

1-4 to 2-5 
0-1 „ 0-4 


Coke Oven. 

Per cent w/v. 
0-68 to 0-85 
0-3 „ 0-10 
0-98 „ 0-95 

0- 40 

1- 90 
0-20 
0-04 


Blast 

Furnace. 


Per cent w/v. Per cent w/v. 


10 “ produced in Scotland, generally speaking, contains about 

10 per cent of the ammonia as fixed ammonia, as compared with about double the 
quantiy which gas liquors as produced in England contain. 

t.. with which the author has had to deal during the last few years 

has eAbited a remarkably constant CO^ : H^S ratio, yiz. 7 : 1 while the NH d 

ratio has averaged 1-73 per cent :0-28-0-35 per cent. le the NH, . H^S 

in compounds constituting gas liquor are divided under two heads : 

( ) Those volatile at ordinary temperatures, viz. ammonium mouocarbouate bi- 
carbonate, sesqmoarbonate, hydrosulphide, sulphide, and cyanide. (2) Those feed 
at ordinary temperatures, but wbieh can be decomposed by an exclange of aS 
base ammomum sulphate, sulphite, thiosulphate, thiocarbonate, oblmide tbio- 

afelarl^attr whicb“ ^naphthalene, 
and tarrj matter which vary appreciably according to the extent to which the 

liquor IS separated from the tar in the “wells” at the gas and coke oven wort 

and whether or not it is filtered to eliminate the floating tar or hydrocarbons. 

Tae and Liquor Settlement at Gas Works 

Fig. 18 shows a diagrammatic sketch of tar and Hquor connections and is 
^peciafly arranged to ensure freedom of the gas Hquor from heavy and light tarry 

TIlg principl© of settlement is resorted to. 

All delivery pipes are run to the bottom of the wells and are turned tangentiaUv 
to give a gentle storing motion to the hquor without splashing. ® 


Tar 



18. — Scheme fob Sepakation of Tar and Liqtjoe, 
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The tee-pieces at the top of the overflow pipes in the liquor wells intercept 
light oils in the form of tarry scum. Oas liquor containing tarry matter is dis- 
advantageous in many ways, and too much stress cannot be laid on the necessity 
for efficient separation of the tar from the liquor and for the adoption of similar 
methods for the removal of the hydrocarbons specifically lighter than the liquor itself. 

It IS not proposed to enter into a lengthy discussion of the methods for the 
analysis, or evaluation, of gas liquor. This subject has been admirably dealt with 
m the last few years in the annual reports of the Chief Alkali Inspectors, and the 
work of Mr. Linder in this connection is well known. 

It is recommended that the Chief Alkali Inspectors’ reports in question should 
be consulted for methods of analysis of gas liquor, and also Weyman’s Modern Gas 
Works Chemistry. 

Many gas works in England still state the content of ammonia in terms of oz. 
strength, which originally implied the number of ounces of real sulphuric acid required 
to saturate 1 gallon of the gas liquor. This was the basis of the Wills saturation 
test, but as it did not contemplate the fixed ammonia, it is now usual to pursue one 
or other of two methods to arrive at the total content of ammonia. 

At some works it is usual to distil off the free and fixed ammonia of the gas 
hquor into acid which, at 15° C., contains 10 parts by weight of real sulphuric acid 
m 100 parts by volume, titrating from a burette of 1 oz. capacity graduated in yVths 
of an ounce, and subdivided into tenths {i.e. into in all), and to read off the oz. 

strength direct. In other cases the free and fixed ammonia contents of the gas liquor 
is distilled into N/1 sulphuric acid, and the ammonia content expressed in terms of 
percentage of ammonia w/v and a factor used for conversion to oz. strength. 

The following data will doubtless be useful as bearing on the oz. streno'th in its 
relationship to percentage of ammonia : ° 

(1) 2NH3 H2SO4 =(NH4)2S04 

34 98 132 

0-3469 oz. 1 oz. 1-3469 oz. 

(2) 1 oz. strength = 0-3469 oz. of ammonia per gallon. 

(3) As 1 gallon contains 160 oz., therefore the parts of ammonia by weight per 

100 parts by volume will be 


160 : 100 : : 0-3469 : x 
x = 0-217. 

(4) If 0-217 part of ammonia by weight per 100 parts by volume represents 
1 oz., then the factor for converting per cent ammonia w/v to oz. 
strength is 

l-0-0-217 = 4-61. 


( 0 ) In London and the South of England liquor is still sold by, or expressed in 
terms of, butts of 108 gallons. 

(6) One degree Twaddel is usually regarded as equal to 2 oz. strength. 
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(7) To arrive at tire number of butts of liquor (say) of 8 oz. strength, required to 

produce 1 ton of sulphate of ammonia of 25-25 per cent ammonia content. 

(a) One ton of sulphate of ammonia of the above content will contain 

0-2525 ton of ammonia, or 9049-6 oz. of ammonia. 

(b) One gallon of 8 oz. liquor contains 2-7752 oz. of ammonia. 

(c) 9049-6 ■7-2-7752 = 3260-8 galls, per ton. 

(d) 3260-8 -r 108 =30-192 butts per ton assuming 100 per cent yield. 

(8) To arrive at the number of tons of gas liquor required to produce one ton 

of ammonium sulphate of given content, divide the percentage of 
ammonia in the sulphate by the percentage of ammonia in the liquor. 
Assume 8 oz. liquor (iJ.e. 8 x 0-2168 = 1-734 NHg) and 5-25 per cent NHg 
as the content of the sulphate of ammonia. 

25-25^1-734=14-562 tons, 

or 14-562x224 = 3261-8 galls, 

or 3261- 8 -f- 108 = 30- 192 butts. 

Table 11 

Table showing Tons op Gas Liquor op varying Strengths required to 
PRODUCE One Ton of Ammonium Sulphate, having varying Strengths of 
Ammonia 


strength of Gas Liquor. 


Tons of Gas Liquor per ton of Ammonium Sulphate hased on 100 per cent 
Conversion Efficiency. 


Per cent. 
Ammonia. 

Oz. 

Strength. 

Ammonia Content of Sulphate of Ammonia. 

25 

per cent. 

25-'10 
per cent. 

25-20 
per cent. 

25-30 
per cent. 

25-40 
per cent. 

26-60 
per cent. 

25-60 
per cent. 

26-70 
per cent. 

0-868 

4 


29-02 

29-14 

29-25 

29-36 

29-47 

29-59 

29-71 

1-085 

5 


23-13 

23-23 

23-31 

23-41 


23-59 

23-68 

1-302 

6 

19-21 

19-29 

19-36 

19-44 

19-51 

19-59 

19-66 

19-74 

1-519 

7 

16-46 

16-53 

16-59 

16-65 

16-73 

16-79 

16-86 

16-92 

1-730 

8 

14-45 

14-51 

14-56 

14-62 

14-69 

14-74 

14-80 

14-86 

1-953 

9 


12-85 


12-95 

13-00 

13-05 

13-11 

13-16 

2-170 

10 

11-52 

11-57 

11-61 

11-66 

11-70 

11-75 

11-80 

11-84 

• 2-389 

11 

10-46 

10-51 

10-54 

10-59 

10-63 

10-67 

10-71 


2-604 

12 


9-64 

9-68 

9-71 

9-75 

9-79 

9-83 

9-87 


“ Butts,” and “ oz. Strength ” 

It is not improbable that many chemists and technicians will view with appre- 
hension the reference to such units as “ butts ” and “ oz. strength.” The author 
does not desire to perpetuate unduly such units. 

Unfortunately they are still live terms in the South. It is hoped, however, 
that a drastic endeavour will be made before long to dispense with them. 
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These standards have doubtless served a useful purpose in the past, but it 
would appear that they are uncalled for in these days. 


Chaeaoteristics op Ammoniacal Liquors 

The composition of ammoniacal liquor depends to a large extent on the im- 
purities in the coal to be carbonised or coked ; on the temperature of carbonisation ; 
on the extent to which the liquor has been exposed to the air (which causes oxidation 
of the sulphides to thiosulphates) ; on the temperature to which the liquor has been 
subjected, and on the extent to which chlorides are present in the coal. 

The proportion of fixed ammonia in the liquor decreases with the process of 
condensation. It is highest in the hydraulic main, and lowest at the end of the 
washing process. In the hydraulic main the fixed ammonia content is approximately 
50-60 per cent ; in the condensers about 5 per cent, and in the washers about 
4 per cent. 

The under-mentioned table reveals the properties and composition of various 
samples of liquor from different coals and from different points in the condensing 
and scrubbing plant. 

Table 12 

Table showing the Properties and Composition op various Samples op Liquor 

PROM DIPPERENT COALS, AND PROM DIPPERENT PoiNTS IN THE CONDENSING 

AND Scrubbing Plant. (From Alkali Inspector’s Annual Report) 



Condensed 

Liquor, 

pas.sed 

through 

Scrubber. 

Another 
Sample 
taken at 
different 
Time. 

Same 
Liquor, 
e.xposed to 
Air, High 
Temperature. 

Hydraulic 

Main 

Liquor. 

Part 

Condensed 
Liquor, part 
Hydraulic 
Main. 

Prom 

“ Standard ” 
Washer 
before 
Purifiers. 

Colour 

Yellow 

Yellow 

Bright 

Dull 

Yellow 

Colourless 

Spec. grav. = deg. Tw. at 15°'5 



orange 

yellow 



4-5 

4 

3-5 

2 

3 

4-5 

Ounces by distillation test 

10-00 

8-25 

6-90 

5-60 

6-60 

10-00 

Ounces by saturation test 

8-30 

7-00 

4-25 

3-40 

4-90 

10-00 

Am. sulphide, grains per gallon 

960 

1216 

630 

576 

220 

1180 

= NH3 

480 

608 

315 

288 

110 

590 

Am. carbonate „ 

2030 

1156 

800 


1692 

2540 

= NH3 

720 

410 

283-5 

193 

600 

900 

Am. thiosulphate „ 

195 

182 

236 


174 

Trace 

= NH3 

45 

42 

52-5 

36 

40 


Am. sulphate „ 


Trace 

39 


9 


= NH3 



10-5 

6 

2-5 


Am. sulphocyanide „ 

338 

243 

472 


90 


= NH3 

75 

54 

105 

36 

20 


Am. chloride „ 

567 

403 

891 


693 

32 

= NH3 

180 

128 

283-5 

301 

220 

10-1 

Am. ferrocyanide „ 

Trace 




31 


= NH3 





7-5 


Total ammonia .... 

1500 

1250 

1050 

860 

1000 

1500 

Percentage of fixed ammonia . 

20 

18-3 

43 

44 

29 

0-7 

Ammonia expressed as ewt. sul- 







phate per 1000 gallons . 

7-5 

6-00 

5-00 

4-10 

4-85 

7-30 
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The table on preceding. page, taken from tke Alkali Inspector’s Annual Report, 
is interesting as showing the properties and composition of various samples of gas 
liquor obtained from the same coal, but drawn from diPerent points in the 
condensing and scrubbing plant. 

As regards the oxidising infiuence of the air on gas liquor, to which reference has 
already been made, the following analyses by Linder are illuminating in this 
connection : 

Table 14 


In One Litre there was contained 

Immediately after 
obtaining the Lic^our. 

After Six Months’ 
Storage. 


Grams. 

Grams. 

Ammonia total 

27-52 

29-80 

As easily decomposable salts .... 

21-76 

19-20 

As not easily decomposable salts 

5-76 

10-60 

Sulphur total . 

8-55 

9-12 

As sulphate 

0-70 

4-50 

As sulpho cyanide 

23-40 

57-90 

As thiosulphate 

3-10 

16-40 

■Carbon dioxide ....... 

25-51 

21-22 

Hydrogen sulphide 

6-61 

2-05 

Hydrogen cyanide ....... 

0-68 

0-00 

Eerrocyanide calculated as hydrogen cyanide . 

0-068 

0-00 


Having regard to the fact that extra expense is incurred in decomposing the 
fixed ammonia salts (see page 277), the necessity for treating the liquor as early as 
possible after it has been produced is obvious. 

In the 43rd Annual Report of the Chief Alkali Inspector further refer- 
ence is made to the constitution of ammoniacal liquors, particularly as relating to 
the amount and distribution of cyanogen compounds, both in coke oven liquors and 
their distillation products. 

Coke oven liquors differ materially from those produced and treated in gas 
works residual plants. 

Excess of air (as has been indicated already) promotes oxidation of ammonium 
sulphide to ammoniumpolysulphide, which parts readily with its sulphur to ammonium 
cyanide (which is one of the simple products of condensation, as an examination of 
various liquors will reveal), and thus thiocyanate is formed. 

The secondary oxidation reactions are dependent on the length of time during 
which the liquor is stored. As the storage accommodation at coke ovens is usually 
restricted, so the secondary reactions are limited in consequence, and hence coke 
oven liquors have a high content of cyanogen volatile as hydrocyanic acid. It has 
been shown by Linder that the liquors proceeding from the condensation of the 
steam and fuel gases from the sulphate of ammonia saturators after extraction of the 
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ammonia, owing to tLe Ligli proportionate solubility of iiydrocyamc acid, contain 
tbis substance when drawn from the cold end of the condensing apparatus in a very 
marked amount ; indeed, so great as to need special precautions in handling. In 
one case cold devil liquor was found to contain 0-7 per cent to 1 per cent of this 
poisonous compound. Tables 15 and 16 are interesting as bearing upon the fore- 
going subject. 


Table 15 

Coke Oven Liquors 


{As fed to Still) 


Type of Oven. 


In Liquor. 

Grams per 100 c.c. 

Saturator Gases. Per 100 
Vols. (By theory.) 

Total 

Ammonia, 

Carbonic 

Acid. 

Sulphuretted 

Hydrogen. 

Hydrocyanic 

Acid. 

1 

COj. 

H,S. 

HOy. 

Hilssner : 

1 sample .... 

•935 

•946 

•292 

■058 

66-6 

26-7 

6-7 

Koppers : 

Average of 3 samples 

1-261 

1-246 

•173 

•018 

83-1 

14-9 

2-0 

Otto-Hilgenstoch ; 

Average of 12 samples 

•841 

•892 

•230 

•041 

71-0 

23-7 

5-3 

Semet-Solvay : 

Average of 7 samples 

1'202 

1-111 

•193 

•035 

78-4 

17-6 

4-0 

Simon-Oarves : 

Average of 7 samples 

1-018 

1-206 

•132 

•027 

84-8 

12-1 

3-1 

Average of 30 samples 

1-012 

1-053 

•195 

•036 

77-3 

18-5 

4-2 


Gas Liquor Storage Tanks 

As to the form of the tanks and the general arrangement for the storage of gas 
liquor, practice varies considerably throughout the country. The shells of Lancashire 
boilers are used in many cases for the storage of gas liquor, and it is known that they 
have served fairly well for this purpose. 

It is usual at small and medium-size works to elevate the boilers on pier walls, 
or even on the walls of the still-house itself, so that the liquor to be fed to the still 
can gravitate to a constant feed tank provided with suitable float or special ball 
valve for ensuring a uniform feed of liquor to the stills. Experience suggests, 
however, that sectional plated cast-iron tanks are preferable, and are calculated to 
have a much longer life than second-hand steel boiler shells. 

A typical cast-iron tank for a works distilling tolerably large quantities of gas 
liquor per day is shown in fig. 19. Two such tanks are usually allocated to one unit. 
One contains the gas liquor for direct supply to the stills ; the other is available for 
filling in the interim. Thus the tanks can be used alternately, and generally are of 
such a capacity as to afford twelve hours’ supply. Each tank is approximately 
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5 samples. 180° F. to 200° F. .188 '024 '002 '012 
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25 ft. X 15 ft. X 15 ft. .The side plates are flanged, and are 5 ft. square by f in. 
thick, and are arranged with centrally placed circular stiffening ribs from which 
diagonal stiffening arms radiate. The flanges are | in. thick, and are provided with 
stiffening webs. All flanges are machine finished. The joints are smeared with red 
and white lead, embedded in which are lengths of twine. Two tie-rods 1-| in. in 
diameter pass through each of the first two tiers of side plates, suitable bosses being 
cast on the horizontal centre line to receive these tie-bolts. The top tier of plates 
are braced by a single 1^-in. diameter tie-bolt placed in the centre of the plate. 
The bottom plates are of the same size as the side plates, but are provided with a 
stiffening web in the centre, running parallel with the flanges. Thus the flanges 
and stiffening ribs are arranged at about 2 ft. 6 in. centres. The bottom of the cast- 
iron storage tank is supported by E.S. J.’s placed under the flanges and stiffening 

ribs at the centres just named. To 
prevent sagging of the tie-rods, 
vertical angles are provided. 

The outlet from the tanks is 
6 in. in diameter placed 18 in. from 
the bottom of the tank. At the 
bottom of the tank a suitable pipe is 
fixed which is led to a separator for 
effecting the separation of any tar 
which has settled out from the gas 
liquor. A device is also fitted for 
running off light tar, and hydro- 
carbons, etc. (see fig. 20). 

The tanks are provided at the 
top with deal joists and are covered 
with deal boards. From the top of 
the tank a 6-in. diameter vent pipe leads to a small tower scrubber, which 
is packed with suitable filling, and provided with an automatic water feed so 
that the vented ammoniacal air can be thoroughly washed, and the ammonia 
arrested. The delivery pipe from the gas works liquor wells is led to within a few 
inches of the bottom of the tanks, so as to reduce the agitation of the gas liquor 
to a minimum. 

The connections from the storage tanks to the gas liquor pumps are made in 
cast-iron pipe of the turned and bored type. The machining of these pipes is done 
to a gauge, and they are remarkable for their freedom from leakages. 

The tanks are provided with floats which are connected by wire cord over 
suitable pulleys with a gauge board placed in the still-house, by which the rate at 
which the liquor is being pumped to the stills can be accurately gauged and deter- 
mined. This constitutes an additional check on the liquor measuring device fixed 
adjacent to the stills. 

The use of a non-volatile oil on the surface of the gas liquor is a means by which 
loss of ammonia can be prevented. 



Fig. 19. — Gas Liquor Tanks. 




CHAPTER IV 


A GENERAL DISCUSSION OF PROBLEMS AFFECTING DISTILLATION 

AND DISSOCIATION 

Whether tLe disengagement of ammonia from ammoniacal liquors is essentially a 
distillation operation, or wLether it can be more correctly defined as dissociation, is 
a matter on wfiich. a definite opinion does not appear to liave been expressed. 

A polemical discussion on the subject by some of tlie autliorities in physical 
chemistry would be appreciated. 

Distillation is usually regarded as the process by which a separation is effected 
of a volatile liquid from a non-volatile substance, or what is more usual, a separation 
of two or more liquids of different volatility. 

The principles involved in fractional distillation are fundamentally the element- 
ary laws of physics and thermodynamics. It may be urged that, broadly speaking, 
the same principles apply in the distillation of ammoniacal liquors. This is true,' 
but many of the somalled physical laws governing fractional distillation have a 
very limited application to dissociation. Solutions of ammonia of such strengths as 
are typical of normal gas liquor behave generally according to Henry’s law. This 
law provides that the vapour pressure (P) of a volatile solvent and solute is expressed 
by 'P = ax, in which a is a constant and a; the molecular fraction of the solute in 
relation to the solvent. In the case of ammonia solutions a for accurate values has 
to be experimentally determined by ascertaining P either by chemical analysis of the 
vapour over a solution, or by the static method of determining vapour pressure. 

For ammonia and water the values of a are well known, ammonia being of 
immense industrial importance in the manufacture of soda ash by the ammonia-soda 
process. The values show, however, a slight deviation from those as calculated by 
Henry s law, owing to the ammonia chemically combining with the solvent to form 
an easily dissociated ammonium hydrate. 

In addition, the deviation of experimental and calculated values increases with 
decreases of concentration. Such deductions as may be made from the above law 
apply, of course, only to conditions in a certain section of the gas liquor still, probably 
the lower portion of the free still, where, owing to the previous decarbonation and 
desulphurisation, the liquor assumes that of an ordinary ammonium hydrate solution. 
Although the gas laws allow of a ready interpretation of conditions obtaining in the 
still, and indeed assist in affording certain fundamentals of design, a point is reached 
at which further progress in this direction can only result from patient observation 
of details such as can alone be obtained from practical working conditions. 


The Relation between the Composition of Vapour and Liquor 

IN Distillation 

^ Emil Piron (Chem. and Met. Engineering, vol. 26, February 15, 1922), in an 
article on the subject of “ The Relation between the Composition of Vapour and 
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Liquor in Distillation,” reviewed an important physical consideration relating to 
ammonia distillation. He said : 

‘‘ If s is the proportion of one component in a mixture such as a gas liquor, 
and S the proportion of the same component in the vapour distilled from this 
liquor, the relation between the composition of the vapour and liquor in regard 
to the considered component is 



In industrial distillation, liquors are either concentrated or exhausted, and in 
both cases the strength of the liquor passes through a number of stages of 
different concentration. Knowing the values of k corresponding to these 
different stages, we are in a better position to study the design of the distillation 
apparatus and to control its operation. 


Deteemining Distillation Constant expeeimentally 

One way in which the values of h can be obtained is to submit a relatively 
large quantity of liquor to distillation, taking very small fractions of the distillate, 
so that the composition of the liquor can be considered as constant during the 
distillation of each fraction. An analysis of the liquor and of the corresponding 
distillate will give corresponding values of 5 , S, and k. 

In Table 17 a distillation test on 1000 c.c. of ammonia liquor, as obtained by 
coal distillation, is given as an example. It will be noted that the value of k 
varies with the strength of the liquor. 

Obtaining this Value by Calculation 

On the other hand, in distillation problems we need an ideal or average 
constant of /c, which, when applied to the problem, will give a result conforming 
to the actual. This ideal value of k can be found by the following method. 
Suppose we distil out a quantity Q of liquor, containing a proportion s of a 
component, an infinitesimal quantity d!Q. The proportion of the same com- 
ponent in the distillate at the beginning of the distillation is S, at the end S - iZS. 
The average strength of the distillate is S - |-dS, while the quantity of the 
component we have in the distillate is (S - ^dS)dQ. 

During the distillation the proportion of the component in the liquor changed 
from s to (5 - ds), the quantity remaining in the liquor after distillation being 
(Q -dQ)(s -ds). 

Hence the relation 

Q 5 - (Q - dQ)(5 - ds) = (S -idS)dQ, 
which gives, after neglecting the differentials of the second order, 

dQ ds 
“Q ^W^s 
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or, if tLe initial quantity of liquor was Qq, 

logeQo-log,Q = r^. 


If (constant), then 
s 


loge Qo - loge Q ^0 - loge i') 


which gives the desired value of k. 

Table 17 

Distillation Test on 1000 c.c. oe Ammonia Liquor 


Liquor in Distillation. 

Volatile Ammonia. 
Quantity, 

G.O. 

g. Total, g. per Litre. Average. 

1000 7-7200 7-7200 

975 6-9640 6-1060 | 

6-835 

970 5-4960 5-5630 J 

900 1-7850 1-9830 ] 

1-915 

895 1-6462 1-8470 J 

800 0-4735 0-5920 ] 

0-575 

795 0-4431 0-5570 J 

700 0-1376 0-1950 ) 

0-191 

695 0-1302 0-1870 J 

600 0-0410 0-0680 ) 

0-066 

595 0-0380 0-0640 ) 

500 0-0030 0-0060 


Distillate. 


Quantity, 

c.c. 


Ammonia. 

g. Total. 

g. per Litre. 

1-7660 


0-4580 

91-590 

3-7110 


0-1388 

27-762 

1-1727 


0-0304 

6-086 

0-3056 


0-0073 

1-4625 

0-0892 


0-0030 

0-6120 

0-0350 
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For instance, according to tiie distillation test given in Table 17, we have 


hence 


Qo^lOOO, 

50 = 7 - 72 , 

/loooy-i 
[~m J 


Q = 500, 

5 = 0-006, 

7-720 

0-006’ 


He 2 


10-3, 


This value of Jc, applied to distillation operations where the concentration 
of the ammonia liquor of the quality given above varies from 7-72 to 0-006 g, 
per liter, will give results corresponding with those actually obtained,” 

In chemical engineering work, it will be appreciated, there are a large number of 
factors of a more or less indeterminate character which arise in connection with 
almost every problem, rendering a precise solution difficult. 


Still and Dissociator 

In this book the word “ still ” is used in its ordinary acceptation, and not as 
representing the author’s view of the correct term to be applied to a plant or apparatus 
in which the disengagement of ammonia is effected. The term “ dissociator ” 
would doubtless, be more accurate. This latter appellation has been applied to the 
apparatus in which the decarbonation and desulphurisation of ammonia liquor are 
effected by the application of heat in the production of caustic ammonia. Here one 
has to deal with chemical affinity and physical solution on the counter-current 
principle. 

The ammonia, hydrogen sulphide, and carbon dioxide present in gas liquor are 
in chemical combination. Hence their partial pressures are appreciably less than 
when they exist in thfe free state. The application of heat to about 80° C. results 
in partial disunion. The three gases previously named, depending on initial concentra- 
tion, then largely exist in solution not as hydrosulphide, sulphide, bicarbonate, and 
carbonate, but, in conformity to Henry’s law, as free gases soluble in water under 
equal conditions. 

The solubility of ammonia under like conditions is appreciably greater than 
hydrogen sulphide and carbon dioxide. Thus the latter gases are dispersed, while 
ammonia is held in solution. 

As, however, the less soluble gases are released at a temperature at which water 
has a comparatively high vapour pressure, a considerable volume of water vapour 
is removed, together with a small volume of ammonia in solution. Expressed in 
another way, there is equilibrium between the tendency for the water to retain 
ammonia, and the water vapour and acid gases to withdraw ammonia under con- 
ditions of temperature and pressure obtaining during the release. 
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Superheated Steam 

TLe question is occasionallj asked : Is there any advantage by the use of 
superheated steam in the distillation of gas liquor ? 

The following observations on this subject appeared in the 67th Annual Deport 
of the Chief Alkali Inspector : 

“ Sulphate of Ammonia — important progress in manufacture has been estab- 
lished by Alexander Yuill, the engineer of the Dundee Gas Works, who now supplies 
to his stills steam superheated. 

“ Steam is used as the most convenient vehicle of heat ; water accompanying 
adds unnecessary volume of waste liquor (the disposal of which is already difficult 
enough), and its dilution of the saturator liquor causes delay. Wet steam is a 
frequent ill at these plants, and for long I have looked forward to its cure. 

“ Yuill employs a Sugden preheater, fired with coke. He reports (1) that the 
yield of sulphate of ammonia has increased from 45 cwt. daily to 75 cwt., i.e. by 
66 per cent ; owing to the increased amount of raw liquor he is now able to pass through 
his stills. (2) Previously wet steam at 28 lb. pressure was used with constant and 
wasteful drip of water from the drain cock ; now the pressure of the dry steam is 
22 lb. and its temperature 355-400° E. (3) The superheater has a capacity of 4100 lb. 
per hour, and supplies steam also to drive tools of the machine shop, so that the 
chemical plant consumes only a portion of the 10 cwt. of coke used for daily firing. 
The furnace is cleaned once daily.” 

The advantage of the use of superheated steam in a still worked at ordinary 
pressure lies in the reduction of the efiluent liquor due to condensation, the super- 
heating of the steam effecting the distillation with a lower condensation constant, 
and hence rendering unnecessary the employment of supplementary heat. Beyond 
this there is no material gain over steam applied at ordinary pressure. 

Unfortunately, with many small and medium-sized distillation plants, where 
gas liquor is treated in the manufacture of sulphate of ammonia, there appears to 
be neglect in the production of dry steam. 

Apart from imperfect insulation of the steam mains and pipe lines, it is feared 
that priming is somewhat prolific. 

If attention were directed to the two foregoing points, it is the author’s belief 
that there would be little, if any, advantage to be derived by the use of superheated 
steam. 

Experimental Determinations 

Eig. 21 represents a complete miniature sulphate of ammonia plant, in which 
certain experiments have been conducted under varying conditions, with a view to 
elucidating certain problems bearing upon the general subject of the dissociation of 
ammoniacal liquors. 

A diagram showing the liquor and gas concentrations at two rates of feed with 
identical steam consumption, is given in fig, 22. It irill be seen from this diagram 
that the late of flow has been increased by about 260 per cent at the sacrifice of 
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0-23 per cent of free ammonia in the effluent. It is not inconceivable that an 
identical effluent to that of the lower rate of feed would have been obtained had the 


time contact been increased, say, to the extent represented by two additional trays. 



This exp-eriment would appear to 
indicate that, given a definite 
time contact, the steam consump- 
tion can be made to approach 
the theoretical minimum possible 
dependent upon the liquor feed 
concentration. The latter condi- 
tion embodies the ideal at which 
designers of gas liquor stills should 
aim, and incidentally the one with 
which manufacturers should be 
conversant when contemplating 
the purchase of gas liquor stills. 

A measure of the efficiency of 


Fia. 22. — Geapii showing Liquor and Ammonia Gas steam consumption of a gas 
Coboenthation at two B*TEiS OF Speed, with j. ^fioided by the con- 

IDENTICAL Steam Consumption. ^ . » , ■ • 

„ „ „ , centration of the ammonia m the 

A. 3'7 gallons per hour ; B. 9-3 gallons per hour. wo. _ 

eras stream, and the increase in 


volume of the spent liquor, as contrasted with the gas liquor-devil liquor fed to the 
still. A simple method of determining this factor under practical working conditions 
is to condense the stream of steam and ammonia leading to the saturator, and to 
make a determination for ammonia, carbonic acid, and hydrogen sulphide contents. 
From a series of analyses carried out in this manner the graph shown in fig. 23 


has been prepared. By calculation 
from the foregoing graph the curve | 
in fig. 24, which affords an indica- 
tion of the steam consumption per 
lb. of ammonia in relation to the 
ammonia concentration in the ^ 
crude liquor, has been constructed. ^ 

Unfortunately, little informa- ^ 
tion appears to be available con- per cent NH in Gas Stream. ^ 

cerning the extent to which the 23. — Graph showing Ammonia Concentration of 

concentration of ammonia in the Gas with varying Contents of Ammonia. 



gas stream is affected by varying 

concentrations of ammonia in the gas liquor. This obviously has an important 
bearing when fixing the price of gas liquor according to its ammonia content, and 
particularly so when purchasing concentrated gas liquor. As far as is^ known, the 
only recent work published on this aspect is the article by Piron, to which reference 
has already been made in this chapter. Piron has shown the lines along which 
problems of this character can be studied, both experimentally and mathematically. 
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Indeed, in addition to quoting in detail that portion of the article which hears upon 
the distillation of ammoniacal liquor, it has been deemed desirable to prepare 
diagrams based on the experi- ^ — — 

mental data afforded by Piron. ^ 

Fig. 25 is a graph which shows 

the relationship between the so ^ 

composition of the liquor being 1 

distilled and that of the dis- ^ \ 

tillate leaving the still. This 

particular experiment comes |^50 V 

under the category of a dis- j 

continuous distillation, but the V 

data so given can be correlated 

to the performance of a con- -j^o 

tinuous still. The graph, in 

conjunction with fig. 26, which | | | T I I I I I 

is compiled from data by the ° '^■2 04 oe o-a i-o i-2 h 20 2-2 2-4 z-e z-a 3-o 
^ ^ ... , Percent NH 3 m Crude Liquor. 

same author, is of importance 

as indicating the economic limit Fig. 24.— Curve showing Steam Consumption per lb. of 
1 . , T ITT 1 1 T c Ammonia with varying Concentrations op Ammonia 

which should be looked for as Liquor. 

representing the point at which 

further distillation is unprofitable. It also furnishes some idea as to the relative 
value of gas liquor of different concentrations from the point of view of the distiller. 
It has been suspected by workers having technical and practical experience of 

gas liquor stills that there is no 
— — — — — — — — particular merit in the elements 

< 0-6 of the still being arranged with 

a deep seal, through which the 

^ ascending gases and steam are 

^ compelled to bubble. On the con- 

g o-a yT' trary, it has been suggested that 

o-z capacity of a gas liquor still 

“I Q, ^ can be fully maintained, and the 

I ^ steam consumption appreciably 

cS ^ 1 z 3 4 5 6 7 8 9 10 11 12 13 reduced if the ascending gases 

Concentration in 6ao percent NH 3 . Hquor 

Lig. 25. — Diagram of Emil Piron’s Values, showing the trays. This aspect is 

THE Variation of “K” with a Variation of the Chapter VI., in 

Strength of Liquor. ® 

dealing with the Hills s still. 

Experiments have been directed to the elucidation of the above view by varyirig 
the depth of the seal for a given still design, and although the author is r®^^ctant o 
draw premature conclusions, evidences are not wanting which support the tlieory 

advanced above. _ -xl 

As uncertainty existed as to the intrmsic capacity of a still for dealing wit g 


1 2 3 4 5 6 7 8 9 10 11 12 13 

Concentration in Gas percent NH3. 


Pig. 25. — Diagram of Ei 
THE Variation of “ ] 
Strength of Liquor. 
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liquor of varying concentrations, experiments were made to determine this aspect. 
Gas liquor of varying concentrations was fed to the experimental still under such 



Tig. 26. — Steam Consumption per Unit of Ammonia distilled from Liquors of varying 

CONGENTEATIONS, PLOTTED FRONf DaTA BY EmIL PiRON. 

conditions that the effluent liquor leaving the still had approximately a constant 
composition. From the rates of flow and the concentration fig. 27 has been con- 



Retative Capacity of Still. 


Fig. 27. — Diagram op the Capacity of Experimental Still in relation to Strength 

OF Feed Liquor. 

structed. In brief, this curve represents the amount of ammonia distilled in unit 
time expressed in relation to the concentration of tbe feed liquor. 


CHAPTER V 


INTERMITTENT AND CONTINUOUS DISTILLATION 

An interesting paper which, directed attention to the pros and cons of intermittent 
distillation of ammoniacal liquor was read by J. Wilkinson, E.C.S. (then of Drigling- 
ton, now Engineer and General Manager of the Nottingham Corporation Gas Works), 
about twenty-seven years ago. (See Journal of Gas Lighting, March 2, 1897.) It 
is true, as Wilkinson pointed out, that in those days each system had its advocates. 
It would appear from the discussion which followed the reading of the paper that 
the fundamental principles involved were not fully appreciated. 

It will be well to examine the arrangement of plant which Wilkinson described, 
and to determine the relative advantages and disadvantages. 

Fig. 28 represents the plant. It will facilitate a consideration if the various 
aspects are dealt with under headings. 


Intermittent Distillation 
{a) Simplicity of Operation 

This is the chief merit which the discontinuous process possesses, and one can 
appreciate that at small works it is a potent consideration in view of the tolerably 
foolproof character of the plant. 

(6) Fuel Consumption 

One disadvantage of the intermittent process is the inability to take advantage 
of the available heat of the waste gases leaving the saturator, for preheating the gas 
liquor. 

A further drawback resides in the peculiarly inefficient form of still adopted, 
chiefly by reason of the disabilities inherent in the setting, and the absence of 
adequate surface area for heat transmission. 

Rispler found that he could obtain an evaporation of only 2| lb. of water per lb. 
of coal when he boiled water in an ordinary pot still. 

H. M. Lowe, M.Sc., reveals the defects of the pot still and its setting in an 
admirably lucid paper on the “ Theoretical Heat Balance of Tar Distillation.” 
(Vide Gas World, Coking Section, January 6, 1923.) 

At Driglington the fuel consumption was 12 cwt. of coke per ton of sulphate of 
ammonia made, using 10 oz. (2T3 per cent NHg) liquor. The consumption of steam 
on a continuous plant for similar liquor would be about 25 lb. per 100 lb. of liquor 
distilled. This figure disregards the heat recovered in the boiler feed water via the 
waste liquor. Taking the sulphate of ammonia as containing 24-50 per cent NH3, 
the following flgures are arrived at as representing the quantity of liquor to be 
distilled in the continuous plant. 

The figures are based on a 95 per cent efficiency. 
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A. St/// F. Fire Grate L . Draining Table 

B. Swan Neck G. Acid Feed Tank M. Mother Liquor Well 

C. Safety Valve H, Baffle Box. N. Cooler 
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24-5 


224 

x-^x 


100 


= 2712 gallons. 


TLe following calculation shows that the 
consumption of coke per ton of sulphate 
of ammonia made will be 8-87 cwt. 


2712 gallons x 10-25 (sp. gr.) 

25 lb. steam 
^ 100 lb. of liquor 

1 

- .. 

7 lb. water vapour per lb. of coke 

= 993-25 lb., (say) 8-87 cwt. 

It is true that a slight loss of steam may 
occur between the steam generation plant 
and the still, but with efficient arrange- 
ments suitably controlled this loss should 
be very slight. Indeed, a consumption of 
8-87 cwt. of coke per ton of sulphate of 
ammonia made may be regarded as a 
reasonable figure to base upon for the 
distillation operation alone. There is 
therefore a saving of 3-13 cwt. of coke in 
favour of continuous distillation. 


(c) Elimination of Ammonia 

With batch distillation rarely is the 
waste liquor reduced below 0-07 per cent 
ammonia, although in this connection it 
must be remembered that there is a 
reduction in the bulk of the liquor with 
intermittent working as contrasted with 
appreciable dilution in the case of con- 
tinuous distillation. Hence it is no 
criterion to compare the relative ammonia 
contents in the two cases. 


(d) Absence of Uniformity in the 
Release of the Waste Gases 

One disadvantage of the intermittent 
system is that the release of HgS and COg 
from the gas liquor is irregular, and this 
imposes additional work on the purifica- 
tion section of the plant. 
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(e) Installation Costs 

Installation costs are less with the intermittent system than with the con- 
tinuous one. 


Continuous Stills 

The chief advantages of continuous distillation are : 

(a) High rate of working. 

(b) Possibility of interchange heating at several points. 

(c) Regularity of operation. 

(d) Reduced fuel consumption. 

The disadvantages are : — 

{a) Stills are more complicated in construction. 

(6) More expensive to install. 

(c) Need fairly skilled labour for their operation. 

Generally speaking, however, these disadvantages are more than counter- 
balanced by the advantages enumerated, and to-day few engineers would adopt the 
intermittent system except for very small works. 


Working Details for Intermittent Plant 

It is interesting to furnish a few working details concerning the intermittent 
distillation plant illustrated in fig. 28. 

The writer is indebted to F. Scholefield, Secretary and Manager of the Driglington 
and Gildersome Gas Light Co. for some of the details. 

The still holds nine tons of liquor and is worked during the day. The fire is 
commenced at 10 p.m. and attended to during the night by the foreman stoker. 
The sulphate man proper starts his duties at 5 a.m., and has removed all the salt 
from the saturator by 3 p.m. The still operates for practically 18 hours, as the 
fire is not drawn before 5 p.m., shortly after which the spent liquor is discharged. 
No live steam is used. The first mixing of milk of lime is added about 8 -a.m. and 
then at regular intervals till 1 o’clock. No trouble has been experienced with the 
burning of the plates. The still has been in operation for twenty years. The 
saturator temperature is satisfactory, and the salt dries without much difficulty. 

It will be appreciated that a more efficient type of still for intermittent working 
could be adopted than the ordinary pot still. 

A Lancashire or Cornish boiler so seated as to promote the best possible radiative 
power of the products of combustion, and to secure maximum surface for heat 
transmission, would constitute a more efficient apparatus, but would, of course, 
handicap the ready discharge of the spent liquor, and the recharging of gas liquor. 
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The realisation of the expense involved in working direct fired stills apparently led 
to the adoption of plant as shown in fig. 29. This arrangement comprises a com- 
bination of three boilers so disposed that the volatile compounds and steam expelled 
from one of the lower boilers pass to the top one. The lower boilers are worked 
alternately. When sufficient liquor has been accumulated in one, the necessary 
milk of lime is added and the steam is passed through the clpsed coil. Meanwhile 
the waste hquor is run off from the second lower boiler preparatory to receiving 
more liquor from the continuously operated higher boiler. 

A record appears in Muspratt’s Chemistry to the effect that in 1841 the Coffey 



still was adapted by Newton & Co. to gas liquor distillation. This appears to be the 
earliest record of continuous ammonia distillation. 

Subsequently Savalle was responsible for the introduction of a continuous still, 
on which most of the present-day apparatus is based. 

Fig. 30 shows a portion of Savalle’s still. It comprises a vertical column divided 
horizontally into a number of chambers. The liquid to be distilled descends chamber 
after chamber by means of the overflow pipes “ C.” 

A strong current of steam is introduced at the bottom of the column, and 
ascends through the perforated caps “ B.” 

This aids distribution of the steam through the liquor flowing through each 
chamber. As all the liquid passes in turn through each of the compartments, 
clearly by the time it reaches the bottom the volatile constituents must have been 
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expelled. Fresli liquor enters the 
top column, meeting the steam which 
already contains large quantities of 
ammonia. Thus an effective counter- 
current is established, the liquor having 
the greatest content of ammonia coming 
in contact with the richest ammonia- 
containing vapours, and steam is 
applied to the liquor which is practi- 
cally denuded of ammonia. 

Obviously an apparatus directed 
to bring small and regular quantities 
of liquor in contact with a counter- 
current flow of steam, admitting of 
large wetted surfaces and ensuring 
efficient distribution of the steam 
through the surface of the liquor, 
must constitute an ideal arrangement 
which the best type of boiler still, 
or combination of continuous working 
batch stills cannot approach in point 
of efficiency. 

As illustrating the most advan- 
tageous method of applying heat in 
the distillation of ammonia, the follow- 
ing results of experiments carried out by Dr. C. M. Tidy on a manufacturing scale, 
dealing with 7000 gallons of liquor, are afforded : 


Table 18 



No. of 
Hours. 

Efficiency of Expul- 
sion of Ammonia. 



Per cent. 

When heated by direct fire 

22 

90 

When heated by a closed steam coil 

18 

92 

When heated by open steam (wet) 

14 

98-5 


These results demonstrate the advantage of direct steam. 


Stills foe Small Woeks 

It not infrequently happens that even smaller discontinuous stills than 9 to 10 
tons capacity per day are required. One can appreciate that a small works, carbon- 
ising (say) two thousand tons of coal per annum and producing something of the order 



Fig. 30. — Section of Savallb Still. 
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of 70,000 gallons of 8 oz. liquor per year, may find it necessary to produce sulphate 
of ammonia, if the costs of transport of the liquor actually represent more than 
the value of the liquor at the gas works. Several such cases have come to the 
notice of the writer. Gas managers in these cases are confronted with two con- 
siderations : Is it more profitable to make sulphate of ammonia in a suitable small 
discontinuous plant, or to concentrate the gas liquor so as to minimise transport 
charges 1 

Local circumstances and special considerations invariably afford an answer. In 
any case, the decision reached in not a few cases has led to the installation of a 
small sulphate of ammonia plant, forming part of which is a still usually 9 feet long 
by 3 feet diameter, seated in brickwork, and having a suitable hearth, and necessary 
equipment for the combustion of fuel, together with a small steel chimney for the 
withdrawal of the products of combustion. The still is provided with a gauge glass, 
McNeill manlid, and outlet pipe and cock, and the pipe conveying the ammonia- 
laden vapours leads into a D -shape baffle box, so as to arrest any entrained liquor. 
The liquor which is arrested is returned to the still. 

Such a still and setting, together with all the necessary equipment to constitute 
a self-contained sulphate of ammonia plant, is supplied by C. & W. Walker, Ltd., of 
Donnington, Salop. The merits of such a plant, which is shown in fig. 31, are its 
simplicity and foolproof character. An intelligent labourer should have no difficulty 
in operating such a plant. Of course, in these days of reduced prices for sulphate 
of ammonia, and high costs of production, the margin of profit in connection with 
such a plant will not be appreciable. Nevertheless, in those cases where the actual 
removal of the liquor from the gas works has constituted a charge, one can 
conceive of the necessity for the installation of such a plant. 


CHAPTEE VI 


THE DESIGN OF AMMONIA STILLS 

Although it is possible to trace a patent by Watson for an ammonia still as early 
as 1838, and tlie application of ‘Coffey’s still with, a few modifications to adapt it 
to the distillation of gas water by Newton in 1841, a quest for literature relating 
to the design of ammonia stills is singularly ineffectual. 

The only conclusion to be reached is that the subject is essentially a new one. It 
is, however, replete of fascinating problems. 

The origin of the present type of continuous columnar still for the distillation of 
ps liquor can be traced to a Frenchman of the name of Savalle. He was responsible 
in 1875 for many patents directed to the improvement of the apparatus and pro- 
cesses for the distillation, purification, and rectification of alcohol. 

Savalle’s inventive genius was later turned to an improvement of the continuous 
columnar still for the distillation of ammoniacal liquor. Here is an instance not 
uncommon in the chemical industry, where the experience and practice of one industry, 
due to seemingly analogous conditions, is applied to the service of another. 


Types op Ammonia Still 


,. speaking, the arrangement of the stills and liming chamber can be 

divided into three types : 

(a) Free still superposed on liming chamber, with fixed still separate ; 

{b) Free still superposed on liming chamber, with fixed still ; and 
(c) Free still superposed on fixed still, with liming chamber separate. 

These types are illustrated in fig. 32. As to the arrangement which the plant should 



take, much depends on the provision made for cleaning the stills on the fixed 
_ia content of the gas liquor to be distilled, and L its freed;m from IZj 
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Some Eeatuees of Ammonia Stills 

By far the greater number of stills operating in the United Kingdom are stills 
built up of double-flanged sections, each of which, generally speaking, constitutes a 



Fig. 33. — Cleaning Arrangement (Wilton). 


chamber. The joints between the corresponding flanges of the chambers are made 
of boiled linseed oil and Vulcan cement, or with red and white lead, and lead wire. 



Fig. 34. — Cleaning Arrangement of Trays (Holmes’s Still). 


Obviously, these sections have to be provided with such a number of manholes, and 
of such a size, as will afford facilities for the cleaning of the overflow pipe or pipes, 
and the removal and/or cleansing of the hoods, “frogs,” “ crocodiles,” or whatever 



Fig. 35. — Cleaning Arrangement of Trays (Walker’s Still). 

arrangement of still is possible, which largely overcomes the disabilities to which 
reference has been made. 

Fig. 36 represents the alternative form, which comprises an outside shell free 
from a multiplicity of flanges, and without cleaning manholes. This design of still, 
for which Dr. Carpenter was responsible, contemplates the withdrawal of the internal 
elements, which, as shown in figs. 37 and 38, comprise a hood, tray, and bubbler, 
as constituting a complete chamber, for cleaning purposes. 

These hoods, trays, and bubblers are provided with machined faces, so that there 
is no possibility of the by-passing of steam on the outer part of the trays. Suitable 
lifting tackle, as seen in flg. 39, is provided for facilitating the removal of the internal 
elements, which, in turn, are all provided with suitable lifting lugs. 

It has been found in practice that, provided the accumulations of lime sludge at 
the foot of the liming chamber are removed every fortnight, and the top cover of the 
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vapour-distributing device is provided. Figs. 33, 34, and 35 show respectively the 
special cleaning arrangement provided in the stills as made by the Chemical Engin- 
eering & Wilton’s Patent Furnace Co., Ltd., W. C. Holmes & Co., Ltd., and 
C. & W. Walker, Ltd. In the sectionally constituted stills the several joints are 
potential sources for the leakage of ammonia, and as it is unusual to insulate the 
covers of the manholes with non-conducting material, the loss of heat by radiation 
is not inconsiderable. . ^ 

Complete dismantling may become necessary, owing to the accumulation of lime 
sludge, either causing blockages — which are difficult, if not impossible, to remove in 
situ — or the lime may form laminations on the bottoms of the chambers to such an 
extent as seriously to impair the thermal efficiency and capacity of the plant. Another 
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I5xed still is lifted montLly, for tlie cleaning of the perforations of the anti-priming 
device, the still will operate continuously for six months before cleaning is necessary. 
During this time approximately 5,000,000 gallons of gas liquor will have been dis- 
tilled, still cleaning representing a charge of about 2d. per ton of sulphate made. 
With the shell type of still, involving as it does the withdrawal of the internal elements 



Fig. 36. — Ammoniacal Liquor Still (Dr. Carpenter’s Design). 


for cleaning purposes, it would obviously be unwise to arrange the plant according to 
category “ B ” (see fig. 32), as this would necessitate the removal of the liming chamber 
in order to afford access to the anti-priming arrangement, or first tray, of the fixed stiU. 

Pig. 40 represents a gas liquor still as installed at the Provan Chemical Works of 
the Glasgow Corporation. The fixed ammonia content of the gas liquor in this case 
only represents about 10 per cent of the total amount. 


6 
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Manifestly with gas liquor having a high content of fixed ammonia, particularly 
if such fixed ammonia is due to ammonium sulphate, the difficulty of keeping the 



Fig. 37. — Hood and Bubbler. 


Fig. 38.— Tray. 



distilling sections of the fixed still free from sludge, particularly the first and second 
sections, is great. Special consideration should be given to the design of the liming 

chambers, or the elements of large 
liming chambers, which admit of 
considerable time contact, in order 
to ensure active agitation. Easy 
means of a periodic discharge of 
the sludge from the foot of the 
liming chambers should also be 
provided. Fig. 41 shows a typical 
provision in this respect. Failing 
this, an arrangement of plant with 
outside liming section specially 
designed as represented in category 
“ C ” is necessary. 

■ It is the author’s view that 
Fig. 39.— Lifting Tackle. mechanical considerations (such as 

facilities for cleaning, provision for 
the removal of bubbling hoods) and initial capital cost have been the factors 
largely governing the design and arrangement of gas liquor stills in the past. 
Had designers and makers of gas liquor stills been in a position to visualise the 
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items which, contribute to the cost of 
ammonium sulphate in so far as the 
still itself is concerned, it is not im- 
probable that less attention would have 
been directed to this somewhat cir- 
cumscribed aspect of design, and more 
attention given to the possibilities of 
designing a still which would be eco- 
nomic as regards steam consumption. 
In saying this, it is not overlooked 
that the ideals of the chemist and 
physicist have not infrequently to be 
compromised in order to ensure mechan- 
ical strength and practicability in the 
matter of production. 

The data given in Table 19 rela- 
tive to the characteristics of several 
types of present-day stills are impress- 
ive in many ways, and will repay 
careful study. While recognising the 
various local conditions under which 
stills have to operate, and the varia- 
tion of the quality of liquor with which 
they will be called upon to deal, one 
is led almost irresistibly to the con- 
clusion that standardisation based on 
experimental data under varying con- 
ditions, and with due regard to the 
fundamental laws governing the distilla- 


. Fig. 40. — ^Ammoniaoal Liquor Still 
(Peovan— W. A. Walmsley, B.So., Manager). 
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tion of gas liquor, would be fully warranted. Table 19 shows clearly the confusion 


' Lime 
NozzU 


Steam 
Nozzle 
\ 



^'Blow offiBox 
for SJud^/Rg-' 
Outer ChampfO 


Position 1 Position 2 
Position oT Three-way Cocks 

To sluclee down the outer chamher, set code A to position 1, opening steam code 0. Aftw agrtatiug the 
detmsited sluclgrcocle A is set to position 2, code C closed, and the shulge clischargecl to the effltrent mam. A 
similar procedure takes place for the inner chamber except code B is^set to position 1, steain code p being opened. 
After satisfactory agitation code B is set to position 2 and cock D closed, the sludge being discharged to the 
effluent main. a \ 

Pig. 41. — Ammoniacal Liquor Still (Sludging Arrangement). 

of types and dimensions which has arisen, and the obvious inference is that all 
these stills cannot alike be efficient and economical. 


The Ideal Still 

The ideal still would be one of such a height beyond which there would be no 
increase of ammonia concentration in the steam-ammonia stream. Such a still 
would involve a minimum steam consumption, and would ensure complete, or 
practically complete, elimination of the ammonia from the outflowing waste liquor. 

Of course, when one is surrounded by mundane considerations, a still of the 
contemplated height is out of the question from the monetary point of view. More- 
over, it must be remembered that so far as maximum ammonia concentration is 
concerned, this is governed by the temperature of the in-going liquor, the partial 
pressure of which is a function of the temperature to which it has been preheated. 
It is known from practical experience that the quantity of steam applied to remove 
the last traces of ammonia may be out of all proportion to the value of the infinitesimal 
quantity of ammonia released. There is therefore a limit to the use of steam in 
relation to the amount of ammonia expelled. 









Characteristics of Ammoniacal Liquor Stills as supplied by English 
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Weight 
of fully 
equipped 
Stiil. 

tons. 

41 

22 

1 

25 

. 

19 

17i 

26 

Surface 
Area for 
Descent 
of 

Liquor. 

sq. in. 

278 

224 

59-5 

48 

180 

73-75 

14 

522 

57 

204 

54 

84 

Surface 
Area for 
Ascent 
of 

Gases. 

sq. in. 

71-0 

183 

248 

110 

174-7 

217-5 

78-5 

373 

113 

213 

528 

528 

Arrange- 
ment at 
Top of 
Still to 
avoid 
Entrain- 
ment. 

Anti- 

primmg 

device 

Void 

Void 

Large 

void 

Void 

Void 

Anti- 

priming 

hood 

Void 

Void 

Void 

Void 

Void 

Arrange- 

ment 

for 

Cleaning. 

Still 
to be 
dis- 
sembled 

Large 

manholes 

Manholes 

Hand- 

holes 

Hand- 

holes 

Six 

handholes 
6"—S" 
for each 
chamber 

Manholes 

Large 

manholes 

Hand- 

holes 

Manholes 

Manholes 

Manholes 

Arrange- 
ment of 
Overflow 
Device. 

Annular 

space 

round 

hood 

Two semi- 
elliptical 
slots 
Eight 

4" pipes 
One 

8" X 3" 
opening 
Two semi- 
elliptical 
slots 

Six 4" 
diameter 
pipes 

Two 4" 
pipes 

Two semi- 
elliptical 
slots 

One 

8" X 4" 
semi-ellip- 
tical pipe 

One semi- 
circular 
pipe 
Two 

12' X 4" 
openings 
Four 
7'x3' 
openings 

Depth 

of 

Cham- 

ber. 

rH 1— ( 

42 r-l r-f W rH 

Surface 
Area 
occupied 
by Hoods, 
Crocodiles 
or other 
such 
Devices. 

sq. ft. 

12-48 

4- 9 ■ 

11-6 

3-9 

5- 37 

6- 09 

11 

11- 53 

12- 2 

5 

11-G 

11-6 


1 

250 

(2% NHa 
liquor) 

182 

235 

(1-73%) 

70-2 

(1-73%) 

‘B" 

141 

(2-17%) 

437-4 

(14%) 

182-2 
(2-1 / %) 

‘(7” 

195 

(1-56%) 

56 

(1%) 

126- 

(U%) 

Capa- 
city per 
Hour 
(galls.). 

1250 

1050 

1360 

406 

tegory ‘ 

650 

2910 

840 

legory ‘ 

1250 

560 

860 

Heat- 

ing 

Surface 
per 
Tray 
or Ele- 
ment. 

sq. ft. 

21-59 

9-68 

41-7 

29-15 

17- 04 

12-54 

Ca 

19 

32 

26-9 

Ca 

18- 96 

26-25 

28-0 

Depth 

of 

Liquor 

Seal. 

• *2 msIjo 

.QrHrHrHr-IrHrH i-HrH (MrHr^ 

Liquor 
Capa- 
city of 
Trays 
(galls.). 

57-25 

17-62 

43-44 

41-2 

21-2 

12-5 

12-75 

58-1 

28-0 

49-5 

39-3 

36-4 

Depth 

of 

Liquor 

in 

Trays. 

* ,4*1 ?!•<» rJ» ' Hfej 

,2 O CO (M ^ rH CO W CM 

No. of 
Trays 
in 

Fixed 

StUl. 

5 

8 

8 

8 

8 

. 8 

9 

steps 

6 

8 

7 

8 

15 

No. 

of 

Trays 

in 

Free 

Still. 

6 

10 

9 

12 

9 

13 

i 

14 

8 

0 

1 

5 

4 

10 

Height 

of 

Fixed 

Still. 

ft. in. 

10 2 

9 11 

11 5 

7 04 

8 11 

7 Oi 

6 8 

12 0 
inclusive 
of liming 
chamber 

6 6 

12 8 

8 6 

13 0 

Diameter 

of 

Fixed 

Still. 

ft. in. 

5 10 

4 0 

7 6 

5 6 
square 

5 0 

4 6 

Com- 
prising a 
conical 
base with 
circular 
steps in- 
creasing 
in dia. 

7 0 

6 0 

■5 4 

5 6 

5 6 

Height 

of 

Free 

Still. 

ft. in. 

21 10 

16 24 

18 8 

17 7 

19 8 

7 6| 

12 6 

12 0 

4 0 

9 0 

4 0 

8 0 

Dia- 
meter 
of Free 

stm. 

ft. in. 

5 10 

4 0 

7 6 

5 6 
square 

5 0 

4 6 

5 0 

7 0 

6 0 

5 4 

5 6 
square 

5 6 
square 

Letter 

Index. 

A 

C 

G 

I 

J 

L 

B 

F 

H 

D 

E 

K 
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In attempting to visualise the best type of still, having regard to the many 
considerations involved, it will he seen that a compromise is imperative. If, as would 
appear from a consideration of cost sheet figures relating to sulphate of ammonia 
manufacture, the consumption of steam is the dominating consideration, it is evident 
that the still must he designed with due knowledge of this factor. 

The absorption of heat in any still must he as follows : 

(1) The heat required to raise the liquor to hoiling-point, at the still pressure 

(this obviously varies according to the extent to which the liquor is pre- 
heated) ; 

(2) The dissociation of the ammonium salts, and ammonium hydrate, if present , 

(3) The radiation losses ; and 

(4) Increase of boiling-point as the liquor descends the still, due to increase in 

pressure. 

Heat absorbed in the Dissociation of Ammonia from its Salts 

F. H. Wagner, in his hook on Coal Gas Residuals, states the heat absorption 
per lb. of ammonia dissociated in the still from salts as 1880 B.Th.U. Unfortunately, 
there is little information available on this aspect. 

Basing on Thomsen’s determination, as furnished in his book on Thermal 
Chemistry, the following figures have been computed : 


Table 20 


.Heat of Solution 

Calories. 

NH 3 (including hydration) 

. 8-43x103 

H^S 

. 4-56x103 

CO 2 

. 5-88x103 

Heat of Formation 

NH 3 -i-H 2 S-l-NH 4 HSAq 

. 6-19x103 

2 NH 3 Aq. -f CO 2 Aq. -f- (NH 4 ) 2 C 03 Aq. 

. 15-90x103 


Heat of Formation of NPI4HS Aq. in B.Th.TJ. q^er lb. NPI 3 

8430 -F 4560 - 1 - 6190 = 19,180 c. 

19,180 X -00398 =76-33 B.Th.U. 

—^NH^HS Aq. H-76-33 B.Th.U. 

17 gms. : 453-6 :: 76-33 : 2037 B.Th.U. 

(gms. per lb.) 
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Heat of Formation of (NH 4 ) 2 C 03 Aq. in B.TJi.U. per lb. NH 3 

(2 X 8430) + 5880 + 15,900 = 38,640 c. 

38,640 X • 00398 = 153- 8 B.Th.U. 

Aq. ^ (NHJjCO, Aq. + 153- 8 B.Th.D. 

34 : 463-6 : : 1S3-8 : 2052 B.Th.U. 


Disposition of Heat as affecting the Ammonia Still 

Turning now to tho lioat balances to be found in Chapter IX., it is interesting to 
examine the disposition of the heat as affecting the still itself. 

The following figures represent the heat applied to and generated within the still : 

Table 21 
Heat applied 

1 . Via steam ....•••• 

2. 7 m preheated liquor (88-2° C.) . . . • • 

3 . Via hot cream of lime (70° C.) . 

Heat generated 

4. Heat of reaction between lime and ammonium sulphate 

produce 3-2 lb. NH 3 in solution .... 


B.Th.U. 

252,400 

134,000 

9,300 


to 

5,100 


400,800 


How is this heat accounted for ? The following figures afford an answer : 


Table 22 

1 . To heating 1020 lb. liquor from 88-2° to 105° C. . 

2 . To heating 95 lb. cream of lime 70° to 105 C. . • • 

3. To dissociation of 12-7 lb. NHg from solution of NH^HS and 

(NH4)2C03 

4. To dissociation of 3-2 lb. NH 3 from aq. solution . 

5. To total heat of 178 lb. steam at 16 lb. abs. sensible heat of 

NHg . HgS and COg 

6 . To heat loss via radiation 

7. To heat loss via effluent liquor 


B.Th.U. 

30,600 

7,885 

23,960 

2,870 

201,800 

11,700 

182,200 


By subtraction of items 1 and 2 (accounted for in 7) . 


461,015 

38,485 


Heat accounted for . 


422,530 


88 THE DESIGN AND WOKKING OF AMMONIA STILLS 

It is hoped that the diagrammatic sketch (fig. 42) will enable the reader to visualise 
more clearly the distribution of the heat referred to above. 

It will be noted that more heat is accounted for than is actually applied to or 

generated within the still. _ i -u ^ 

This discrepancy may possibly be explained by the inclusion of the heat of 
solution (which may conceivably be again given up to the still), as constituting part 
of that required for the dissociation of the ammonium compounds, and the balance 
may be due to a slight inaccuracy in the determinations. 

It will be appreciated that it is one thing to be able to explain the distribution 



Dissociation of 
NH 3 etc. 26.830 B. Th. U. 

Absorption of / / 
Heat by Liquor ^ / 
30.600 B.ThJ . 
Absorption oO 
Heat by Lime 
7,885 B.Th.U. 


^ EFFiuent 



< \ 

Radiation 

HJOOB.ThVj. 


\ 

\ 

Generated by \ 
reaction betiveen \ 

Ca(0H)3&(HH4)z504. \ 


Liquor 134,000 B.Th.U. 


at 70° C. 


Steam 252,400 BTh.U. 


i 82. 200 B.Th.U. 


Fig. 42 .— DI.A.GRAM showing Distribution of Heat in Still. 


of heat applied to a distillation unit, and another thing to affirm that such heat is 
necessary. Expressed figuratively, it is easy for a cashier to balance the wages he 
pays with the money he receives from the bank for such payment, but no cashier can 
say definitely whether the money paid is an accurate measure of the work done. 

In whatever way an attempt is made to check the disposition of heat as afiecting 
the ammonia still, some figure has to be taken into account which represents actual 
results obtained during the working of the particular still as distinct from ideal 
achievement. 

This submission can best be elucidated by re-examining the heat balance already 
mentioned from the point of view of the still. The calculations are based on 1 lb. 
of ammonia dissociated from its compounds, with gas liquor of 1-59 per cent NHg 
content. 
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Table 23’ 



B.Th.U. 

Lb. Steam. 

Percentage. 

I lb. of ammonia requires for dissociation 
61-9 lb. water heated from 88-2° C. to 

2044 

2-12 . 

12-70 

105° C 

1863 

1-94 

11-60 

6 lb. water (with lime) from 70° to 



2-30 

105° C 

380 

0-39 

Radiation loss 

800 

0-83 

5-00 

11-4 lb. water in steam-ammonia stream 


IT 40 

68-40 

leaving the still 




16-68 

100-00 


The actual heat applied to the still was 16-35 lb. of steam per lb. of ammonia 
dissociated, but the ammonia concentration of the ammonia-steam stream leaving 
the still, which accounts for 68-40 per cent of the steam required in the dissociation 
of 1 lb. of ammonia, under the conditions cited, does not actually represent ideal 
achievement, and in so far as the performance of the still falls short of what is an 

ideal standard, so far is improvement possible. i ^ j: 

What represents ideal achievement ? Is it necessary to evaporate 11-4 lb. of 
water in dissociating 1 lb. of ammonia from gas liquor of 1-69 per cent NHg content 1 

In the present state of our knowledge this question cannot be definitely 

answered. 

Heat lost by Radiation 

In connection with certain figures bearing on this subject, published by the 
author in a paper read before the Chemical Engineering Group of the Society o 
Chemical Industry in Glasgow in 1922 {vide J.S.O.I., vol. 41, 229i., July 31, 19^^), 
criticism was levelled against the figure given as representing the loss of heat by 
radiation from the still. 

The stills in question are of the shell type. There are virtually two thicknesses 
of iron. Insulation is afforded by Leroy’s boiler composition to the extent of Ig m. 
thick. In connection with the heat balances included m Chapter IX., further deter- 
minations have been made, and a slightly difierent figure has been reached as 
representing the loss of heat from this source. To confirm the accuracy or otherwise 
of the figures in question, a separate determination of the radiation loss from a still 
was made in the following manner : 

(1) The still was filled with water, i.e. the bubbling devices and liming chamber 

were filled to the level of their respective overflows. 

(2) The water was heated by means of steam to 100 C. 
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(3) The steam was turned ofi and tLe temperature drop observed by means of 

a recording thermometer, the bulb of which was placed in a central 
position in the still. 

(4) From the range of temperatures so obtained a curve (see fig. 43) was drawn. 



plotting degrees Fahrenheit against time in hours. A tangent, drawn to 
the hottest part of the curve, gave the rate of cooling at 212° F. to be 
7-33° F. per hour. 

(5) The weight of water contained in the free and fixed portions of the still was 

calculated to be 12,174 and 3714 lb. respectively, while the weights of the 
stills were known to be 58,800 and 35,840 lb. 

(6) The following calculations show the heat loss in B.Th.U. per minute , the 

specific heat of water being taken as 1. 


A. Free still : 

B. Fixed still : 


12,174 + (58,800x0-13) 
60 


X 7-33 = 2421 B.Th.U. per min. 


3714 + (3584x0-13) „ ..-.n-DrnTT 

X 7-33 =510 B.Th.U. per mm. 

60 


ToiaZ = A + B = 2931 B.Th.U. per minute. 

(7) The surface area of the stills was calculated to be 667 sq. ft., so that the 

2931 

loss 'per square foot was =44 B.Th.U. per minute. 
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The figure arrived at is practically identical witL tlie modified radiation loss 
included in the heat balances. 


Factors affecting Still Design 

There are many factors afiecting the design of stills, all of which must have 
some bearing on the consumption of steam required per unit weight of ammonia 
dissociated. It is proposed to deal with these factors (not necessarily in order of 
importance, but as they occur to the author) separately. j j i 

■ (1) Extent o/NmZ.— There is no necessity for a deep seal; 1 in. depth of seal 
is preferable to 4 in. depth. The cumulative effect of a number of deep seals is to 
render it more difficult to remove the last traces of ammonia. Incidentally, the 
consumption of steam within the still is increased, and the effluent liquor leaves at 

a higher temperature. • i. ■ ^ 

Given uniformity of seal throughout the chamber, or tray, 1 inch is certainly 

adequate. Absorption, as distinct from dissociation, arises with a too deep seal. 
Experiments indicate that the emergence of the steam-ammonia stream along the 
liquor line in the chamber, or trays, is calculated to afford ideal working conditions. 

(2) Wetted Surface Area.-Obviously it is desirable to secure as large a surface 
area as possible within the limits of the size of the still, but it is doubtful whether 

wetted surface alone is the desideratum. ^ ^ • • t 

Fig. 44 shows a continuous gas liquor still which was m operation in London 
in 1878, the design of which was based on the principle of a comparatively larp surface 
area with a thin film of liquor, along which the gases and steam skirted, by reason 
of the contiguity of the respective plates. It is known that a still 16 ft. high y 
7 ft. by 5 ft. in section, having 38 plates, was capable of dealing with the free 
ammonia content of ten thousand gallons of gas liquor of 6 to 8 oz. strength per day. 

It is clear from the experience afforded by the operation of the above still t a 
heating surface is not alone the governing factor which should be aimed at in the 
design of gas liquor stills. Rather must attention be directed to ensuring the 
greatest intimacy of contact along with maximum time contact and heating sur ace. 
Attenuated bubbling of such a nature that maximum deformation and/or reforma- 
tion of the bubbles are ensured is the principal factor for promoting rapid equilibrium. 

(3) Vanour Space above the Liquor in the Clearly, there must e a 

well-defined vapour space above the liquor in the trays, in order to allow of equilibria 
being obtained, and of time contact between the two streams. It has been suggeste 
that if intimacy of contact between the steam-ammonia stream and the liquor is to 
be secured the liquor surfaces should be extended, and the steam-ammonia spaces 
reduced. This is partly true, but the author’s experiments still lead him to the view 
that a well-defined gas space is necessary, if only for the reason that it ensures time 

contact between the gas and liquor. _ 

(4) Vapour V elocity —VhQ velocity of the steam-ammonia stream througli tJie 

liouor in the travs influences the efficacy of the bubbling action. Optimum bubb mg 
is"a function of a definite vapour velocity. This velocity should not be such as will 
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cause entrainment, much, less arrest the flow of the liquor, otherwise it would defeat 
its own object. Data having reference to vapour velocity will be given when dis- 
cussing entrainment. 

(5) Entrainment . — Entrainment may arise at the outlet of the still, or it may 
occur from tray to tray upwards. In either case it has adverse consequences. In 
the first instance cited, if entrainment is occurring in conjunction with a still which 
is attached to a sulphate of ammonia plant, it will be found difficult to avoid the 
formation of blue salt, as ferrocyanides and thiocyanates will be 
carried forward to the saturator, and as the acid feed to the latter 
invariably contains traces of iron, all the elements are present 
for the formation of ammonium ferrous-ferrocyanide, which, on 
exposure to the air, will lead to the formation of blue salt. 

Some firms provide effective anti-priming devices in connec- 
tion with their ammonia, stills to obviate entrainment. Other 
makers prefer to adopt a void chamber at the top of the still, so as 
to reduce the velocity of the vapours, thereby largely effecting 

deposition of the mechanically en- 



s'-o" - • 


T 


JLL 


-TiO'l -z; 


Fig. 44. — Hills’s Still. 


trained vapours. 

Where entrainment takes place 
to any appreciable extent from 
tray to tray upwards the effect is 
twofold. Chas. Cooper, M.Sc., has 
stated the case very clearly in this 
connection (see Proceedings of the 
Chemical Engineering Group, vols. 
iii. and iv. pp. 106-107), and one 
cannot do better than quote his 
words. He says : ” AVhere en- 

trainment takes place in sensible 
quantity two effects are felt. One 
of these could best be appreciated 
by stating the limiting case, which 
is what would obtain if it were 
possible to blow the whole of the 


liquor out of the still ; a single stage action would be produced, and any given 
proportion of removal would be very wasteful in steam compared with a multiple 
stage treatment of the same gross capacity. In a more general form this pro- 
position could be stated in this way : that in any counter-current process carried 
on in uninterrupted stages there is a downward limit of the number of stages 
which must be provided to produce a definite proportionate stripping along with any 
desired richness of product (in this case a steam-ammonia mixture). 

“ The first effect of entrainment is to blur the sharpness of the ‘ cut ’ between the 
stages, and the practical result is the same as if the gross capacity provided had been 
divided into a less number of sections. 
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“ The second effect is one of dilution of the liquid in any section by the addition 
of weaker material from below, therefore producing the result that a greater quantity 
of liquor of lower strength is actually being stripped. These two considerations 
dictate at some point a limit on the amount of turbulence desirable in such a column.” 

The following table gives the amount of ammonia dissociated in the passage of 
liquor through the trays of a still operated by the author several years ago, when good 
working was secured : 

Table 24 


Tray No. 

Free Ammonia. 

Fixed Ammonia. 

1 

Per cent. 

0-88 

Per cent. 

0-26 

2 

0-79 

0-26 

3 

0-67 

0-26 

4 

0-60 

0-26 


All CO 2 expelled at this stage. 


5 

0-45 

0-26 

6 

0-46 

0-26 


Before passing into the still, the liquor contained 1-20 per cent of free ammonia, 
0'26 per cent of fixed ammonia. After leaving tray No. 6 the liquor entered the 
liming chamber, to which was fed a constant supply of milk of lime. This was 
thoroughly agitated with the liquor by means of live steam. The amount of ammonia 
dissociated in the fixed still is represented by the following figures . 


Table 25 


Tray No. Per cent. 

1 . . . 0-28 

2 . . . 0-17 

3 . . . 0-13 

4 . . . O-II 


Tray No. Per cent. 

5 . . . 0-07 

6 . . • 0-05 

7 . . . 0-03 


It is seen that the above results represent satisfactory working, and that no 
serious entrainment from tray to tray is occurring. It is certain that with a good 
design of still the necessary turbulence can be secured without causing entrainment. 


Experimental Determinations of (A) Vapour Velocity causing Incipient Entrainment, 
and (B) the Volume of such Entrainment at varying Gas Velocities 

(A) Experiment.— Vox these determinations, a section of an experiment^ still 
(see fig. 45) was provided. The section consisted of three trays with gas bubblers 
arranged transversely, with liquor inlets and overflows, and with an air m et a 
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Tlie area of the serrations in each bubbling hood was measured so as to give 

a basis for the expression “ gas 
velocity.” Bach hood had triangular 
serrations f in. by f in., the total 
area being 3-2 sq. in. 

A preliminary experiment was 
made with dilute iodine solution, 
using starch as an indicator. The 
tray B was filled with iodine solu- 
tion to the overflow, while A was 
similarly filled with starch solution. 

Air was passed in at H for 15- 
minute periods at increasing veloci- 
ties until coloration of the starch 
solution showed that entrainment 
was taking place. 

The following is a list of the 
velocities so obtained, the last of 
the series being that at which incipient entrainment commenced. 

(1) -83 cub. ft. = 37-6 linear feet per minute. 

(2) 1-32 „ = 69-7 „ 

(3) 1-87 „ = 84-8 „ 

(4) 2-30 „ =104-2 „ 

This experiment was repeated wdth AgNOg and NaCl solutions in place of 
iodine and starch, (1) to prove that volatilisation of the iodine was not the cause of 
coloration, and (2) to find values intermediate between 84-8 and 104-2. 

Three velocities were tried, commencing with 79 linear feet per minute. 

(1) l-75cub. ft. = 79-2 linear feet per minute. 

(2) 2-03 „ = 93-2 „ 

(3) 2-17 „ =118-8 „ 

At 118-8 linear feet per minute entrainment was evidenced by the precipitation 
of AgCl in the section A. 

(B) Experiment . — In order to determine the volume of liquor carried upward 
from tray to tray by reason of entrainment, two measured solutions were circulated 
in the apparatus used in the previous experiment, and after blowing air at known 
velocities for definite periods, increase in the volume of one solution and corresponding 
decrease in the volume of the other was noted. 

Water was circulated through A by means of the inlet I and overflow F, and 
through B by the inlet at E and overflow at G. 

The rate of water circulation was approximately 6 litres per hour, and air 
velocity 120 linear feet per minute. 



Fig. 45. — Section of Experimental Still. 
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The experiment was carried out for two hours, at the end of which time there 
was no appreciable reduction in the volume circulated in B. 

A further two hours’ period was therefore run, with the air velocity increased to 
14-0 linear feet per minute. 

Both A and B volumes were then measured, and it was found that B had lost 
75 C.C., while A had increased 62 c.c. It was assumed that the difference (13 c.c.) 
had been lost through evaporation, and 75 c.c. was taken as the extent of the en- 
trainment. 75 c.c. in 2 hours =37-50 c.c. per hour. 

37-5 c.c. on 6 litres =0*63 per cent. 

It is clear from the above experiments that incipient entrainment occurs at 
about 2 linear feet per second, but the entrainment is negligible, and it is not im- 
probable that much, higher velocities can be attained before the entrainment need 
cause any concern from tb,e point of view of steam consumption. 

From calculations which have been made of various designs of ammonia stills, 
it would appear that these allow of maximum gas velocities of from 2 to 30, with 
minimum gas velocities of from 1 to 15. It would appear that a figure of about 10 
ft. per second would represent best practice for maximum velocity, and about 6 ft. 
per second for minimum velocity. 

(6) Time Contact between the Steam-Ammonia Stream and the Liquor on the Trays. 
— This is an important factor in aiding the attainment of equilibria between the two 
systems. 

This concerns, and is a complement of, consideration No. 3. 

(7) Form of Bubbling Device.— Much depends on the form of distribution device 
adopted, as to whether sluggish or rapid equilibria are attained. In the past it has 
been usual to adopt either rectangular slots or serrations. The 'sensitiveness of a 
serrated hood does not appear to have been adequately appreciated. Practical 
observations have revealed that with a slope, or if the hood is partially displaced, or 
if there is some minor fault in level, causing a tilting of the distributing device, the 
steam-ammonia stream will be discharged on the narrow portion in the form of 
relatively large bubbles. Under such conditions there is a good deal of entrainment. 

If, on the other hand, the size of the bubbles by a suitable distributing device 
is reduced to a minimum, equilibria are established in a minimum of time. Various 
types of “ frogs,” etc. have been tried from time to time, and it has been found that 
a distributing device with holes of small diameter arranged as shown in fig. 46 not 
only gives an extremely fine state of division, but admits of impact between the 
respective bubbles, and generally aids much more rapid equilibria. 

This kind of bubbler is satisfactory for the free section of an ammonia still, but 
it is unsuitable for the fixed portion, on account of its liability to blockage. An 
almost identical effect can be obtained by cutting slots about IJ in. deep by^^in. wide. 

(8) Single v. Multiple Gas Passages . — Important as the above consideration is, 
it can be nullified to a large extent if the gas passages are not satisfactorily proportioned 
to give the desired vapour velocity. This raises the question of single as contrasted 
with multiple gas passages. Almost invariably, where multiple gas passages are 
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provided, tlie velocity of the vapour through the surfaces of the liquor is slow. 
This may be desirable from the point of view of preventing entrainment from tray 
to tray upwards, but experiments which the author has conducted indicate that 
short circuiting is very liable, and , as one of the potent causes of high steam con- 
sumption is attributable to short circuiting, this is a factor which cannot be ignored. 

(9) Definite Capacity . — Obviously there is a definite capacity for each particular 
still, above which and below which its operation becomes inefficient. What that 
capacity is should be definitely determined by the makers, and all users should be 
clearly advised of the consequences following a departure from the recognised capacity. 

It will be found that steam consumption is a function of the definite capacity 
of the still. Working under a specific capacity sensibly accentuates short circuiting, 
besides which an increased loss through radiation occurs. Operating above the 
specific capacity invariably results in loss of ammonia through the waste liquor. 



Fig. 40. — Details op Holes in Bubblee (De. Carpenter’s Design). 


From inquiries Avhich the author has instituted it is feared that the question of 
definite capacity has not received the attention which its importance demands,' and 
it is suggested that investigation of this phase of still design would be prolific of 
good results. 

(10) Size of Stills in Relation to Capacity . — It is not proposed to enter into the 
details of this aspect, except to give particulars of the practice followed by several 
makers of stills. Examination of the various particulars suggests that in this respect 
also there is need for investigation. To increase the capacity of a still, the height 
invariably remains unaltered, but the diameter is varied. Details of sizes are given 
below : 

Table 26 
Firm “ A ” 

6 ft. diam. still deals with 90 tons of gas liquor of 2-13 per cent NH 3 per day. 

5 ,, ,, ,, 70 5j 33 33 33 53 

4 - j, ,5 33 hO ,, ,, 33 33 33 



Table 27 
Fiem “ B ” 

3 ft. 6 in. diam. still deals v/ith. 50 tons of gas liquor of T73 per cent NH3 per day. 

^ .'5 53 35 33 ,j ,, ,, j, 


Table 28 
. Firm “ 0 ” 

1 ft. 6 in. diam. still — 6 tons per day maximum capacity. 

2 ft. „ 12 

3 ft. „ 24 

Tiiis firm also makes square stills as follows : 

3 ft. square — 30 tons per day maximum capacity. 

4 <^0 

■X 33 UKJ 33 33 3, 

5 ft. 6 in. square— 75 tons per day maximum capacity. 

Table 29 
Firm “ D ” 

4 ft. diam. still for dealing with 30 tons of 2T per cent liquor per day. 

For dealing with 50, 70, and 90 tons per day, the square type of still is recom- 
mended. The size is always 5 ft. 6 in. square, and the height is varied according to 
the size required. 

Table 30 


Firm “ E ” 


Tons per 
day. 

Galls. 

Size. 

Area. 

Sq. ft. 

Cub. ft. 

Area. 

Sq. ft. per 
ton. 

Cub. ft. 
per ton. 

80 

17,600 

5 ft. diam. X 19 ft. 

19 

361 

•24 

5-9 

60 

13,200 

5-| ft. sq. X 12| ft. 

30 

375 

•50 

6-2 

80 

17,600 

5f ft. diam. x 20 ft. 

26 

520 

•32 

6^5 

50 

11,000 

4 ft. diam. x 18 ft. 

m 

225 

•25 

4-5 

50 

11,000 

4 ft. diam. x 14|- ft. 

m 

182 

•25 

3^6 

50 

11,000 

4 ft. sq. X 15 ft. 

16 

240 

•32 

4-8 

56 

12,200 

4 ft. diam. x 16 ft. 

12| 

200 

•222 

3-57 
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(11) Bubbling v. Surface Area via PacJced Columns . — The author has had many 
opportunities of studying the operation of ammonia stills, and other such apparatus, 
where the principle of bubbling was on trial as compared with that of surface area 
via a packed column. While it is true that many stills constituted of a packed 
column can be made to operate satisfactorily, the tendency to channelling with 
such stills, apart from the larger size necessary for the dissociation of a unit weight 
of ammonia, is a distinct disadvantage. For a given size, there is no doubt that 
by adopting the principle of bubbling a sensible increase of capacity is secured. 

Tlie principle of a packed column for ammonia distillation is exemplified in 
B.P. 8317, 1907. In this instance Wyld and Shepherd provided for a still (fig. 47) 
comprising a number of secure cast-iron sections forming the shell. The still, con- 
trary to usual practice, is not divided 
into a number of chambers, but is 
furnished internally with a series of 
cast-iron ledges — X — placed alter- 
nately on the corresponding sides at 
predetermined centres. On these 
ledges rest thin cast - iron plates 
Y, the distance between which is 
governed by a raised surface at 
various centres Z. One row is placed 
transversely to the other. I’he plates 
are set on the incline at an angle 
of about 75°. With efficient dis- 
tribution of the liquor, it will be 
appreciated that a very thin film, 
or wetted surface, is secured, and 
the contact between the gas and 
the liquor is large. Although this 
still has many features of interest, 
it does not ajDpear to have been largely adopted. 

It will be seen from the foregoing that there are a variety of considerations to 
which attention must be directed in the design of an ammonia still. It is believed 
that nothing approaching finality in still design will be possible, pending some 
attempt to express the various factors either arithmetically or mathematically. 
Even so, judicious correlation will be necessary, and this must be regarded largely 
from the point of view of steam consumption. 

Ammonia Stills 

It will now be opportune to examine the various types of ammonia stills which 
are placed upon the market. If such examination is pursued in something like 
chronological order, it may be possible to determine whether there has been any 
appreciable and systematic evolution in this connection, or whether, as has been 
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Fig. 47. — Wyld and Shepherd’s Still. 
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suggested earlier in this chapter, the broad result has been confusion rather than 
simplification of types. 

Savalle’s column, introduced in 1875, has already been referred to. Following 
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Fig. 48. — Feldman’s Ammonia Still. 


this, patents were granted to Clark (1876), and Young (1881 and 1883), but these 
respectively have reference to the arrangement of a series of stills in connection 
with the distillation of sewage liquors, and to the partial desulphurisation of gas 
liquor. In 1882 the Feldman still (B.P. 3643) was introduced to this country. 
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Tliis apparatus embodies the general principles upon wbicb most of the continuous 
stills are based. Fig. 48 illustrates tbe still in question. It will be seen that the 
apparatus comes under type “ A.” The gas liquor to be distilled passes from tray 
to tray by means of a single flow, and tbe steam-ammonia stream ascends by a 
single gas passage. In both these respects the provisions appear to be commendable. 

The liming chamber, according to 
the patent specification, is similar to 
the one shown in fig. 105. To intro- 
duce intermingling of the liquor with 
the milk of lime, and to promote de- 
composition of the former with the 
latter, a steam recoil wheel is pro- 
vided in the lower part of the liming 
chamber. The action of the recoil 
wheel is based on the principle of 
Segner’s water wheel, or Barker’s 
mill. A sieved bottom is provided 
about two -thirds the height of the 
liming chamber, so as to impede the 
movements of the liquor in this 
part, thus enabling the agitated 
milk of lime to settle more rapidly 
in the upper part of the chamber. 

The limed liquor overflows 
through a sealed pipe into the fixed 
still and passes from tray to tray. 
Steam is introduced to the bottom 
of the chamber and ascends through 
single gas passages in the same way 
as is the case with the free still. 

The Grunberg still was also intro- 
duced in this country about this 
time. The characteristics of this 
still are included in Table 19, being 
the first series of figures under cate- 
gory “ B.” Fig. 49 gives details of 
Fig. 49 . — Elements of Gas Liquor Stills. elements of the free column. 

In 1887 Davis (a former Chief 
Alkali Inspector) was granted a patent. No. 15540, for an ammonia still. This 
is illustrated in fig. 50. Davis’s invention was directed to securing a much 
finer state of division of the ammoniacal vapours in order to get the utmost 
possible work out of a given size of still. In the first portion of his complete 
specifications Davis says : “ In the stills for the evolution of ammonia gas, 
or of carbonate or sulphide of ammonium, from any of their solutions, it has been 
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tlie custom eitLer to drive off the volatile substances by means of a j et of steam blowing 
direct on to the liquid, contained in a boiler of the usual pattern, or to beat the 
liquid by means of a direct fire, or to pass the steam and vapours up a tower or 
column filled with bricks or boards, down which the ammomacal liquid is ma e o 
pass, or to cause the liquid to run down a column containing shelves pierced wi 
large central apertures, covered with caps, serrated round their lower edges, through 
which the vapours are made to pass.” 

Davis provided for the construction of a still by which a much larger quan i y 
of ammoniacal liquor could be distilled in a given space than heretofore and with 
ordinary care could never become choked with tar. It will be seen from fig. 61 that 


n “ n ” 





Fig. 51 .— Davis Still (Perforated Plates). 


presents the free still, B the fixed still, and 
K the outside liming chamber. The stills are 
provided with a number of trays C. Each 
tray is fitted with an overflow pipe D, dipping 
into a shallow well E, and these trays are 
perforated with a number of small holes, as 
shown in the plan P, through which the 
vapours pass when the still is at work. Davis 
found that about one hole, in. diameter, 
in every square inch of tray gives the best 
results, but an important omission would 
appear to be the quantity of liquor dis- 
tilled in unit time per square foot of tray 
so perforated. 

The volatile ammonia is driven off in the 
top portion of still A, and_ the partly freed 
liquor passing through the pipe C into the 
lime vessel becomes mixed with lime intro- 
duced through the pipe M. From K the 
liquor re-enters the column by pip© PE ^.nd 
in descending the still, over the perforated 
trays, becomes denuded of its fixed ammonia, 
which is discharged from the column at the 
outlet I by means of a series of U -tubes 


which allow of the escape of the liquor but retain the steam. ^ _ 

The essence of this invention is the use of a column still divided in two parts m 
combination with a vessel for lime. The still is provided either with perforated trays 
or perforated caps on which the liquor, both before and after mixing with Pnie or 
caustic soda, is boiled by means of steam in the chamber immediately below it. ihe 
application of a series of one or more U -tubes to the outlet of the still is also covered 
Two points of importance occur to the author in connection with the design o' 
this still, particularly when perforated trays are used. In the first place, experience 
indicates that in the actual working of a perforated tray still difficulties occur. 
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the still is operated at a quicker rate than that for which the holes are designed, the 
chambers begin to accumulate liquor, and incidentally extra steam pressure is required. 

On the other hand, if the operation is too slow, the liqubr throughout the whole 
column drains away, leaving nothing on the plates. It is seen that the flexibility of 
this type of still is very small. Apart from this disability, in the fixed portion of 
the still it is not improbable that trouble arises owing to blockage of the perforations. 

Davis was evidently aware of these difficulties, because it is found that to over- 
come possible irregularity of feed of the liquor he provided for the use of a perforated 
cap B, but even this device lent itself to easy blockage in the fixed portion of the still. 

Blockage trouble due to imperfect decarbonation and to limed liquor for the 
fixed still were the subject of consideration in the early years of the development of 
the continuous column still. It is known that Mallet, in 1884, devised a colonne 
inobstruable,” which would not only serve to avoid the difficulties indicated, but 
would allow of the initial liming of the ammoniacal liquor. This latter operation is 
necessary with sewage liquors in order to admit of the precipitation of phosphates 
and other such bodies. The advantage of the Mallet “ colonne agitee,” illustrated 
in fig. 52, is that there is no necessity to clarify by repose, nor indeed is it essential 
to relegate the lime treatment to another apparatus. The ordinary column h,b, on 
which rests an analyser a, allows of the expulsion of the volatile ammonia. ^ The 
liquor from the latter vessel passes by c into an apparatus intended for admixture 
with lime. The vessel is conical in character, and is charged with such a quantity of 
calcium oxide as to serve for several hours. An endless screw affords a positive feed 
to the mixer. The liquid enters through the sealed pipe, slaking the lime which is 
carried in the form of cream of lime to the rotary shaft column. By operation of the 
cock at the foot of the lime agitator it is possible to remove unslaked lime, stones, 
and ashes, etc. The limed liquor now descends the lower_ column, and the rotary 
shaft with rabbles keeps the lime in suspension in the liquor, and obviates the 
formation of deposit or laminations on the plates. The effluent liquor is suitably 
discharged. With very dirty liquors a sludge box is indispensable, from which 

sludge can be discharged from time to time. 

While many chemical manufacturers may not be enamoured of a mechanically 
operated column, without doubt the latter has many advantages, and it is known 
in England that one or two works speak in commendatory terms of the Mallet 

column agitator. . 

It should be remarked that there is a distinct advantage in introducing the lime 
direct to a vessel which feeds the distilling column. This aspect has been enlarged 
upon in Chapter VIII . 

In 1887 Walker was successful in securing a patent. No. 16806, for a still m which 
the employment of hoods carried by a vertical shaft was provided for. This still is 
shown in fig. 63, and it is seen that in addition to the above feature it embraces 
the use of injectors for the agitation of the liming section of the plant. 

It is necessary now to direct attention to the Wilton’s still, for which a patent 
(No. 24832) was granted in 1901. Figs. 54 and 33 show clearly the features of this 
still. The hood is of elongated form, placed in the centre of the tray, and the inlet 
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and outlet orifices are arranged 
at opposite sides of tlie cliam- 
bers. Ample provision is made 
for the removal of the hood, as 
indeed for clearing any obstruc- 
tion of the overflow pipes. 

One disability appears to be 
that the area of the serrations 
is equal to, if not in excess of, 
the area of the gas hoods. Thus 
the vapour velocity is inclined 
to be somewhat sluggish. 

W. C. Holmes & Co., Ltd., 
supply a variety of stills for 
specific purposes. Eig. 55 is 
suitable for a small works. The 
various sections in both stills 
are held together by vertical 
tie-bolts. Stills of this type 
should not be screwed up tight 
when cold, but allowance should 
be made for expansion. In 
the event of slight leakages 
the nuts on the tie-bolts can 
be screwed up with a spanner. 
Invariably springs are placed 
under the nuts, in order to 
afiord sufficient latitude in the 
matter of expansion and con- 
traction. Another circular still 
made by the same makers is 
shown in fig. 56, which repre- 
sents a 5-ft. diameter still with 
fairly large manholes. Eig. 57 
represents a square type of still, 
each chamber of which is pro- 
vided with four bubbling hoods, 
and the liquor traverses the 
trays in a zigzag fashion. Fig. 
58 shows the connection of the 
latter type of still to an out- 
side liming chamber. Such an 
arrangement comes under cate- 
fforv “0.” 
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J-JQ, 52, — Mallet “Colonnb Inobstrtjable ” 
Distillation. 


Ammonia 
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To traverse the various features of all stills is hardly possible. Those of Colson 
(made by Ashmore, Benson & Pease), Dempster, Walker, and Koppers (B.P. 2399, 
1908) have much in common. Some of these will be dealt with under the subsequent 

heading. 


Elements of Ammonia Stills 

Fig. 69 shows how the elements of the still illustrated in fig. 36 are assembled. 
The bottom tray is supported on a circular webbed flange arranged within 
Each succeeding tray is in turn supported by the one underneath. ^ The first bubbler 
of the free still, placed immediately above the liming chamber, is supported by a 
vertical 9-in. cast-iron pipe (which, by a bend near the foot, conducts the^ limed 
liquor to an outer annulus) placed centrally in the liming chamber and terminating 
with a suitable base. The first bubbler supports the hood, which in turn supports 
the next bubbler. Thus the whole weight of the bubblers and hoods is transmitted 
to the 9-in. pipe, and the complete weight of the trays is reflected on the webbed 
flange. For the permanent machined joints a mixture of red and white lead is used. 
For the faced joints of the superimposed sections graphite paste is used. A packing 
of yarn is also employed between the trays and the outside shell of the still, so as 
to prevent the admission of any corrosion which will interfere with the removal of 
the trays. It should be remarked that the bubblers of the fixed section of this 
particular still are open, with serrated edges on the two peripheries. 

The merits of the design of this still are the size of the liquor overflows and the 



Fig. 52.— Mallet “ Colonne Ihobstkvable ” foe Ammonia Distillation. 
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large area of wetted surface wMcli the elements afford. Further, it is evident that 
the designer has appreciated two other important factors, viz. the great advantage 
of a specific velocity of the vapours where they come in contact with the liquid, 
and the importance of time contact as between the vapour above the liquid and the 

liquid itself as aiding equilibrium. ^ x + 

Fig 49 stows the elemoEts oi a still wtict was intioduced to tbs country about 
forty years ago. Some of the features of this still, particularly the liming section, 



Fig. 53.— Walkek’s Rotary Still. 


possess definite merit, but it is believed that there are many directions in which the 
still can be improved, particularly in the matter of area of liquor overflows, time 
contact between the vapour and liquid, and velocity of the vapours through the 

^ Fig. 60 represents the elements of a still of more recent design. Regard has 
obviously been paid to the removal of the hoods for cleaning purposes,_ and the 
possibility of blocked outlets would appear to be remote, in view of their size. _ The 
comparatively small diameter of the still in relation to the quantity of gas liquor 
with which it deals, and the arrangement of hoods which clearly admit of the bubbles 




107 


THE DESIGN OE AMMONIA STILLS 


from one being thrown in contact with those created by the adjacent hood, must 
ensure considerable deformation, thus increasing the contact of liquid and vapour. 
Fig. 61 represents a very simple form of element. If simplicity were the pre- 



Fig. 54. — Wilton’s Still. 


dominant factor in the efficiency of a gas liquor still, this particular design would 
certainly merit a premier place. The hoods in both the free and fixed stills are rert- 
angular and the travel of the liquid is left to right and right to left alternately. The 
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overj&ows are tolerably large, and tlie designer has evidently bad in mind the import- 



ance of avoiding blockages at this point. Tbe boods are capable of ready removal. 
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One disadvantage appears to be that the arrangement of hoods lends itself to localised 
bubbling. Moreover, the area of the serrations is equal to, if not in excess of, the 



Fig. 56.— Holmes’s 5' 0" Hiametee Still. 


area of the gas slots, which area is too large for ensuring such a vapour velocity as 
to give optimum bubbling. 

Fig. 62 represents the elements of a square still which, by reason of its form, 
must have the merit of cheapness as regards cost of production. The bubbling 
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hoods are also readily accessible, either for inspection or withdrawal. Whether the 
liquid will follow the path intended for it appears open to doubt. While the 
arrangement of four hoods is a considerable advantage, it is feared that the area for 
the ascent of the gas is far too large for ensuring satisfactory bubbling, and the 




Fig. 57. — Holmes’s Square Still with Bubbling Hoods. 

liquor overflows also appear to be unnecessarily restricted, although, protruding as 
they do beyond the castings, they are without doubt easy of access. 

Fiu. 63 represents the constituent parts of a still of recent design. This still 
lias a very large capacity. The designers have recognised the importance of large 
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overflows and the advantage attending the depth of chamber in relation to the liquor 


Fig. 58. — Connection of Square Still to Liming Chamber. 


on the trays as increasing the factor of time contact. Moreover, the weight of the 
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views. It is believed that the design, by reason of the large area afforded by the 
serrations, militates against such a vapour velocity as is calculated to ensure satis- 
factory bubbling. 

Fig. 64 represents the elements of a still possessing several merits, particularly 
the one of creating bubbling over a large surface area, and ensuring impact between 




Fig. 64. — Elements oe Gas Liquoe Stills. 
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the respective bubbles from the several hoods. It will be an advantage if the makers 
will in future avoid small diameters of the overflow pipes. 

Fig. 65 represents the chief constituent parts of a still which was designed nearly 
forty years ago. While the designer has apparently recognised the importance of 
maximum agitation of the liquid, it is feared that the area of the serrations, which 
is largely in excess of the area of the gas outlet, will obviate this desideratum. 

Fig. 66 furnishes details of the elements of a square still, certain advantages of 
which have already been named. Here the importance of vapour velocity appears 
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to have been recognised, although impact of the bubbles appears impossible. The 
liquor overflow might with advantage be enlarged. 

Fig. 67 represents the details of a still which it is understood is used to a 
considerable extent in connection with ammoniacal liquor arising from the distilla- 
tion of shale. The position in which the bubblers lie is varied alternately with each 
chamber. Thus they cross at right angles. Similarly, the overflows are arranged 
alternately. This design, it is feared, does not allow of a sufiiciently rapid vapour 



velocity to ensure satisfactory bubbling, although the arrangement of the hoods and 
their comparative contiguity will doubtless assist in causing conflict between the 
respective bubbles. 

Fig. 68 is similar in many respects to the elements of one of the other square 
stills to which reference has already been made. 

Fig. 69 represents the sections of a still which has. obviously been designed to 
ensure agitation over a large area, but unfortunately the slow velocity of the gas is 
not calculated to assist to this end. The manholes appear to aJSord satisfactory 
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access to tFe overflow pipes, but wbetber tbe serrations of tbe floods can be as easily 
cleaned, or wfletfler tfley can be readily witfldrawn, is a matter of doubt. If tflere 
flad been a larger vapour space above tfle liquid level in tfle trays, tflis would flave 
ensured a greater time contact, wflicfl obviously is a decided advantage. 



Pig. 68. — Elements oe Gas Liquoe Stills. Fig. 69. — Elements oe Gas Liquor Stills. 


Decent Designs oe Stills 


In a comparatively recent patent Wyld provides for a cascade type of still, tfle 
serrated plates (of wflicfl fig. 70 sflows an isometric projection) are adjustable, and 
are invariably fixed with tfle apex of tfle serrations just out of tfle liquor. Tfle steam 
sweeps tfle surface of tfle liquor in tfle troughs and promotes agitation. Deposits 
are obviated, and fresh surfaces are exposed to tfle action of tfle steam-ammonia 
stream. Irrespective of the foregoing, a portion of tfle liquor overflowing tfle weirs 
is brought across tfle contiguous trough in tfle form of a thin spray. An improvement 
has been introduced as a result of experience of tfle practical operation of this still. 
Fig. 71 sflows tflis newer type of still, and fig. 72 is an enlarged view showing tfle 
overflow. 
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Messrs. W. C. Holmes, Boocock, and 
Wyld Lave taken out a patent, No. 167719, 
1921, for a novel type of distilling arrange- 
ment. Heated ammoniacal liquor is sprayed 
in succession into two or more evaporating 
chambers, the pressure in the first chamber 
being utilised to effect the spraying in the 
second. The liquor may be passed through 
an intermediate chamber (S), in which it 
is mixed with a reagent to liberate fixed 
ammonia. The chambers are heated by 
flue gases circulating in jackets (F). The 
ammoniacal liquor is preheated by dis- 
charge through tubes (K.) in the jackets. 
Connecting tubes serve to 
pass the gases generated 
during the heating of the 
liquor in the tubes (K), to 
the collecting main (r), which leads to a 
saturator for the formation of ammonium 
sulphate. If pure ammonia is to be separated, 
the first evaporating chamber is surmounted 
by a column up which the vapours pass, and 
down which a portion of the cold ammoniacal 
liquor flows, and removes ammonia from the 
vapours. The liquor falls through the per- 
forated top of the steam chamber. The liquor 
from the base of the chamber is passed 
through a vessel (S), and then in succession 
through spraying chambers, from which am- 
monia gas is withdrawn. Fig. 73 along 
with the above description will enable 
one to appreciate the special arrange- 
ment in question. 


CMS OUTLET 


TO LIMING CHAMBER 


FROM LIMING CHAMBER 





Fig. 71. — Wyld’s Cascade Still. 
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Eig. 73. — Jacketed Ammonia Stills, Holmes, Boooook, and Wyld type. 
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V acuum Distillation 

Little Las been beard during tbe last few years concerning the distillation of gas 
liquor under vacuum. Tbis question, however, was a “ live one ” more than 
twenty years ago, when several stills were erected in Scotland by Ernest Scott & Co., 
Ltd., of London and Glasgow, for tbe distillation of ammoniacal liquor in tbe manu- 
facture of sulphate of ammonia under reduced pressure. An interesting paper having 
reference to tbis subject was read before tbe Institution of Gas Engineers on June 
11, 1903, by Ballantyne, late engineer and manager of tbe Hamilton Corporation 
Gas Department. While tbe paper, to a large extent, is of a descriptive character, 
and does not afiord much information of a positive technical nature, tbe view is 
expressed that the vacuum system of distillation is economical as regards steam 
consumption, particularly at those works where exhaust steam is available. 

It is to be remembered that the utilisation of exhaust steam is not confined to 
vacuum distillation plants alone. Many gas liquor stills operating under normal 
pressure conditions are worked to-day with exhaust steam. Obviously, there are 
advantages by operating under vacuum, inasmuch as the partial pressure of ammonia 
in the vapour is reduced, and hence equilibrium is more rapidly attained, on account 
of the ease with which the ammonia is liberated from solution. It will be appreciated 
that the rate of dissociation of ammonia from its compounds is a function of the 
difference of the partial pressures of the two systems — ^liquid and gaseous. 

A consideration of the relative vapour pressures of ammonia and water in typical 
gas liquors at ranges of pressure between (say) 20 in. of mercury absolute and 
36 in. absolute leads one to the conclusion that no great saving in the steam con- 
sumption is likely to occur, whereas an additional expenditure of steam is required 
for the operation of the vacuum pump and the pump installed to withdraw the 
effluent liquor from the still. 

Other considerations also operate when working a vacuum still. Some are 
advantageous, others are the reverse. The volume occupied by steam at (say) 
5-7 lb. per sq. in. (the absolute pressure at which the vacuum still at Hamilton is 
reported to have worked) is 65 cub. ft. per lb., as contrasted with 24-75 cub. ft. 
per lb. when operating under normal pressure distillation conditions. Thus, under 
vacuum conditions, the velocity of the steam through the still is appreciably increased, 
and hence the time contact is reduced correspondingly for a given weight of steam. 
On the other hand, a greater volume of steam passing over, or bubbling through, the 
liquor on the several, trays is clearly an advantage. Manifestly, the elements con- 
stituting the chambers of a still operated under vacuum must have a larger surface 
area provided for the ascent of the steam and ammonia. 

It is believed that one of the difficulties with which Scott & Co., Ltd. — the firm 
responsible for the introduction of the vacuum ammonia distillation plant — were 
faced was blockage with lime. Fig. 74 affords details of the Scott’s vacuum ammonia 
distillation plant. 
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Methods adopted in the Manufacture of Castings comprising a Complete Ammonia 

Still, Qft. diameter 

In view of tlie large dimensions and cylindrical shape of the main body castings, 
these are moulded in loam sand. The method pursued is to sweep the outer and 
inner sections of the mould by means of a spindle carrying a knife-edge board, placed 
centrally in the bottom ring, on which the mould is built. 

The outer and inner parts of the mould, after construction, are thoroughly dried 
before being finally closed, after which an earthen trough is arranged around the top, 
into which the metal is poured. This serves simultaneously as a head to give sufficient 
pressure for the purpose of ensuring a sound casting. Owing to the contraction which 
takes place immediately the mould is cast (allowance for which is made in its prepara- 
tion), it is necessary to rip the core from end to end when the iron is sufficiently set, 
otherwise the strain on castings of this diameter would be such as to cause almost 
certain fracture. The internal parts of the still, comprising the trays and sundry 
castings, are moulded in green sand with the use of iron patterns representing the 
exact shape of the casting required. The usual allowance for contraction is made. 
Such moulds are only surface dried, and before being closed are blackened in order 
to prevent the hot metal from burning into the sand. This ensures the castings 
having a comparatively smooth finish. 

Castings of this size, when cold, after being removed from their respective moulds, 
are put through a patent sand-blast furnace as a means of fettling, the object being 
to extract the fine particles of sand which would otherwise normally adhere to the 
surface of the iron. The shells of most large stills are 1 in. thick, and the internal 
elements vary from f in. to | in. 


CHAPTER VII 


THE DESIGN OF DEPHLEGMATORS, COOLERS, AND HEAT 
INTERCHANGERS 

Peior to entering into tlie question of the design of the apparatus constituting the 
subject of this chapter, it will perhaps be desirable to explain the points at which 
these various apparatus occur, and subsequently to proceed to a general description, 
after which the question of design can be considered. 

Dephlegmators, which can be regarded as the plant in which an attempt is 
made to secure condensation at a definite temperature, occur in connection with 
concentrated ammonia liquor and liquor ammonia plants, and serve the purpose of 
controlling the concentration of ammonia in the ammonia-steam stream passing to 
the condensers or absorbers. 

In effecting such control they necessarily return water containing ammonia to 
the still. Such a solution of ammonia is known as the reflux, and obviously the 
dephlegmator should be so situated in relation to the still that the reflux can gravitate 
to it through a suitably sealed pipe. 

Preheaters or interchange heaters are required at two stages of the sulphate of 
ammonia process. An interchange of heat should take place between the gas liquor 
and the waste gases from the saturator, as also between the softened boiler-feed 
water and the spent liquor. In each case the apparatus must be of a special character, 
having regard to the different conditions under which they have to operate. 

Coolers or condensers are required in connection with concentrated ammonia 
liquor, liquor ammonia, and sulphate of ammonia plants. 

Coolers in connection with the two former processes are required for cooling the 
steam-ammonia stream to atmospheric temperature, so as to allow of absorption 
by the water of the ammonia, and so far as the latter is concerned, they are required 
to cool the waste noxious gases leaving the gas liquor preheaters to atmospheric 
temperature. 

Preheaters and Coolers 

A battery of preheaters and coolers in connection with a unit of sulphate of 
ammonia plant is shown in fig. 75. The function of the preheater is twofold. As 
has already been remarked, advantage is taken of the heat of the waste gases and 
steam leaving the saturator to preheat the ammoniacal liquor prior to entering the 
still. In this way cooling of the waste gases is partially eflPected by the gas liquor, 
the final cooling being completed with water. 

With small units of plant it is usual to place the preheater inside the still-house, 
where it is not subjected to extremes of temperature during operation. With larger 
units of plant the preheaters are almost invariably placed outside the still-house 
building. This practice may be regarded as unsound from the point of view of heat 
conservation. The quantity of heat leaving the saturator, however, is appreciably 
greater than that required to raise the temperature of the feed liquor to boiling- 

121 


122 


THE DESIGN AND WORKING OF AMMONIA STILLS 


point. Indeed, cooling water Las to be profusely used to reduce tie waste gases to 
atmospLeric temperature. 

TLe thermal aspect of this section of the plant is the subject of further reference 
{vide Chapter IX.), as obviously this is one of the weak points in connection with 
current practice. 

Many forms of preheaters are used throughout the United Kingdom, dependent 
upon the size of plant for which they are intended, and on the special experience of 
the maker. 

Figs. 76, 77, and 78 show three typical preheaters, each of which possesses 
distinguishing features. 

Heater (fig. 76) consists of a series of double-flanged cast-iron segments, alternate 



Fig. 75 .— Preheater and Coolers. 


ones of which are void, and are provided with flanged inlet and outlet passages, the 
others being enclosed castings having a series of tubular undulations. The void 
chambers are coupled together by a series of flanged syphon bends which are placed 
left-hand and right-hand alternately. The liquor to be preheated enters at a and 
is discharged to the still at 6. The hot gases from the saturator enter at c and leave 
at d. Manholes are provided in connection with each of the enclosed chambers so 
as to afford access for examination if required. One 4-ft. diameter heater as shown 
has an effective surface of 634 sq. ft., and is capable of preheating 90 tons of 8-oz. 
gas liquor per diem. This represents 7*04 sq. ft. per ton of gas liquor per diem. 

This type of heater will serve admirably for gas liquor free from tar, but it is 
suspected that if the gas liquor is of a dirty character the inside of the tubular un- 
dulations may become coated with tar, necessitating the dissembling of the sections. 
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One distinctive feature wMcE this type of heater possesses is the facility and com- 
parative ease with which the segments can be dissembled either for cleaning purposes 
or for renewal in the event of fractures occurring. 

Heater (fig. 77) is of a tubular form, and is arranged to take sixty-one cast-iron 


h 



Fig. 76. — Hbatees. 


tubes, each 3 in. internal diameter by 3f in. external diameter. These tubes are 
provided with shoulders top and bottom, and each fits into suitable recesses in the 
corresponding tube plates, the annular spaces thus formed being caulked tight with 
a rust-jointing. To counteract the irregularities of expansion and contraction, as 
between the shell which externally is exposed to atmospheric influences and the 
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Fig. 79. — Testing of C.I. Tube by Hydraitlio Pressure. 

■and leaving at the top to the still. It is important that the liquor should be fed to 
the bottom in all cases so as to obviate trouble from air locks. 

When the vessels serve as coolers it has been found advantageous to insert a 
circular-drdled cast-iron plate with sixty-one 1-in. to J-in. taper holes, so as to ensure 
uniform distribution of the cooling water. Each heater has an effective surface 
-area of 464 sq. ft. By calculation it will be seen that this represents 6-18 sq. ft. of 
heating surface per ton of gas liquor per diem. 

^ Heater (fig. 78), which is rectangular in section, has obviously been designed to 
facilitate replacement of any of the tubes which may fracture or develop leakages 
without obviating a stoppage of the heater. It consists of seven separate elements, 
four being placed on one side and three on the other. The waste gases from the 
.saturator enter at C and leave at D. The gas liquor to be preheated enters at seven 
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and the tube plate. This arrangement has been found effective in obviating fractures 
which at one time were experienced with this form of apparatus. The cast-iron 
tubes constituting the heater must be cast without chaplets, and must be tested 
to 40 lb. hydraulic pressure. 

Fig. 79 shows one of the tubes undergoing the test in question. 

It has been found in practice that four vessels of the type represented by fig. 77 
.are necessary for a still dealing with 30,000 gallons of liquor per day if the gases are 
to be cooled sufficiently and to be deprived of water vapour to such an extent as to 
allow of combustion in spent oxide burners. Under such conditions two vessels 
.serve as heaters and two as coolers. The gas liquor is fed to the bottom of the second 
keater in series and leaves at the top, passing again to the bottom of the first heater 
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different points coinciding with A. This lieater affords an effective surface area of 
144 sq. ft., and is capable of prebeating '14-| tons of 8-ok. liquor, representing 8 sq. ft. 
per ton of liquor per diem. It is not improbable tbat tbis beater is capable of dealing 
with a larger quantity of liquor than tbat indicated, as considerable advantage must 
accrue by reason of tbe tubes being placed horizontal to tbe flow of tbe gases. Sucb 
an arrangement admits of a turbulency of motion wbicb is singularly absent in many 
types of multitubular beaters. 

All tbe prebeaters previously described have suitable provision for automatically 
running tbe liquid wbicb condenses from tbe waste gases, and wbicb on account of 
its disagreeable smell and character has been appositely called “ devil liquor.” Tbe 
devil liquor outlets from tbe preheaters and coolers are suitably sealed to prevent 
tbe escape of the waste gases, wbicb consist of hydrocyanic acid, hydrogen sulphide, 
and carbon dioxide, etc. 


Apparatus for Small and Medium-sized Works 


For small and medium-sized 
works preheaters consisting of two 
circular double-flanged pieces with 
a deeper double-flanged piece for 
tbe body have been fairly exten- 
sively adopted. Fig. 80 shows the 
type of preheater in question. It 
is seen tbat two plates are placed 
between tbe top and bottom flanges 
of tbe body and tbe double-flanged 
pieces. Wrougbt-iron tubes are 
used, and are expanded into these 
tube plates. Tbe author’s ex- 
perience of tbe use of wrougbt-iron 
tubes has not been too satisfactory, 
owing to corrosion arising at tbe 
cooler parts of tbe tubes, due to 
tbe formation of iron sulphide and 
tbe influence of tbe hydrocyanic 
acid of tbe waste gases. 

Of course it is recognised tbat 
a better transmission of beat is 
possible owing to tbe thinner walls 
of tbe wrougbt-iron tubes as con- 
trasted with tbe cast-iron ones, and 
equally it is appreciated that tbe 
greater resiliency and tensile strength 
of wrougbt-iron tubes are decided 
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Fis. 80 . — Preheater for Small and Medium-sized 
Works. 
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factors in tlieir favour. Notwithstanding these advantages, the author does not 
hesitate to recommend cast-iron mp.ltitubular preheaters. 

The life of any preheater, whether provided with cast-iron or wrought-iron 

pipes, is materially influenced 
by the freedom with which 
the waste gases and steam are 
deprived of vesicular am- 
monium sulphate solution 
containing acid, which is 
mechanically carried forward 
from the saturator. Cast- or 
wrought-lead baffle boxes of 
a suitable form must he pro- 
vided. Fig. 81 illustrates a 
common type. It is also an 
advantage to have the first 
pipe from the catch boxes 
in lead, and placed at such 
an angle that any minute 
traces of acid mother liquor 
arrested can reflux to the baffle box. Such an arrangement is depicted in the 
above figure. 

Another form of cooler which not infrequently forms part of a medium-sized 



sulphate of ammonia plant is shown in fig. 82. It consists of a series of horizontal 
pipes connected by means of cast-iron crosses provided with blank plates available 
for removal in the event of any tarry matter accumulating. The cooling of the 
serpentine is effected by a spray of cold water, the warm water being collected in 
a concrete basin and suitably disposed of. 
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Fig. 83 shows a concentric tube type of cooler which, is extremely efficient in 
operation, affording as it does ideal conditions for rapid heat transfer. It will be 
appreciated that this design allows of easy cleaning in situ. 



Another extremely well-designed type of cooler which gives a multiple flow for 
the gas is illustrated in fig. 84. This type of cooler has been found to be highly 

Gas In lei 




efficient in practice. It possesses the merit of being readily accessible, and it is 
assembled in such a way as to admit of renewals to any part being carried out readily. 

9 
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Interchange Heater, Boiler Feed Water ^ 

Fig. 85 stows an effective type of teater arrangement for interchange of heat 
between the boiler feed water and the spent liquor. The chief features which any 
such interchange heater should embody are these : the spent liquor should pass on the 
outside of the tubes. These should be arranged as a nest in the respective tube plates 



Eig. 85. — Boiler Feed Water Heater. 


in such a way that they can be lifted out holus-bolus for cleaning. The velocity of 
' the spent liquor should be such as largely to prevent any possibility of the deposition 
of sludge occurring. In any case, once each week it is preferable to flush the internal 
parts of the tubes. This work should not occupy more than an hour. Periodically 
the nest of tubes should be hfted, and any incrustation removed by a special tool. 
The softened boiler feed water should pass into the heater immediately below the 
bottom tube plate and should emerge at a point on the body of the heater immediately 
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above tbe top tube plate. An expansion joint should be provided, as also a safety 
valve and vent pipe. The heater should be maintained full of spent liquor by com- 
pelling the latter to pass over the “ level-maintaining ” pipe. 


Watee Supply for Coolers and Dephlegmators, etc. 

One of the most important considerations on an ammonia distillation works is 
the provision of an adequate supply of suitable cooling water. At some works 
sufiicient importance is not attached to this question. Town’s water is usually too 
expensive to admit of use, and river water (tidal or otherwise) or canal water has 
to be resorted to. Unfortunately, this is often pumped through the cooling systems, 
containing an appreciable amount of solid matter, which invariably, sooner or later^ 
deposits itself at some part or other of the system, occasioning trouble, apart from 
reducing the efficiency of the coolers. Curiously enough, the mud -freed water is 
invariably returned to the river or canal. 

It is a sound and economic proposition for works to construct a concrete reservoir 
for the accumulation of such water. The tepid water is pumped through a series 
of jets so as to form a spray and thus assist efficient air cooling. 

In filling such a reservoir and supplying the make-up water, the turbid water 
should be passed through a pulsometer or other such reverse flow sand filter, such 
as is illustrated in fig. 86. 

A second method of dealing with turbid river water is to pump to a large tank 
40 ft. to 50 ft. high, the feed from which is taken off (say) 2 ft. to 2 ft. 6 in. above the 
bottom of the tank. In this way sedimentation can take place, assuming the area 
of the tank is sufficiently large, and the supernatant water can be run off to the 
coolers or other such plant. 

Periodically such tank will need to be flushed out to remove the accumulation 
of mud. 

A third and commendable way is the method of the United Water Softeners, 
Ltd., which virtually combines the two foregoing methods. It consists of sedi- 
mentation and subsequent filtration. A series of sedimentation tanks are provided, 
along with the requisite complement of sand filters of the gravity type. 

Milk of lime is used for coagulation purposes, and it is exceedingly important 
that the lime reagent should be uniformly distributed throughout the water to be 
treated. The sedimentation tanks should be sufficiently large to afford about three 
to four hours’ time contact for reaction and sedimentation when the plant is operating 
at its rated capacity. The sedimentation reservoirs should be so designed as to permit 
of speedy and efficient cleaning. 

After the heavier impurities and a sensible portion of the congealed flocculent 
matter have been precipitated, the water is decanted and suitably fed to the filters. 

The filtering medium usually employed is a specially sifted and suitably graded 
mined quartz sand, supported on a bed of double washed and graded gravel. 

As the filter beds become choked they are cleansed with air and wash water. 
The operation is effected by agitating the filtering medium for about two minutes. 
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at a pressure of '3 to 5 lb. per square incL. A reverse flow of wash water is then applied 
to the inside of the Alter, and in its passage upwards through the bed the impurities 
which have been collected on the sand are floated away to suitable collecting troughs. 

Operating in this way, each filter is thoroughly cleansed, and can again be put 
into commission in about twelve minutes. 



1. Unlllterecl water inlet valve. 

2. Unfiltered water inlet wash-out hend. 

3. Wash-out valve. 

4. Wash-out pipe. 

5. Filtered water outlet and wash water inlet valve. 

6. Filtered w’ater and wash water bend. 

7. Patent wash water regulating valve. 

8. Drain valve. 

9. Drain pipe. 

10. Air blower. 

11. Blower valve. 

12. Steam stop valve to air blower. 

13. Unfiltered water pipe. 

14. Filtered water pipe. 


15. Automatic air escape valve. 

16. Manhole cover. 

17. Differential mercury gauge. 

18. Water gauge glass. 

19. Internal inlet and wash-out pipe. 

20. Internal air pipe to strainer plate. 

22. Internal wash-out and inlet bell mouth. 

23. Strainer plate. 

24. Air nozzles. 

25. Strainers. 

26. Stool for strainer plate. 

27. Studs for strainer plate stool. 

28. Pressure pipe from underside of filter medium. 

29. Pressure pipe from above filter medium. 


After the water has been passed through the sedimentation tanks and filters 
it is collected at a suitable place and pumped through the works to the various points 
at which filtered water for cooling purposes is required. The cost of such treatment 
does not exceed Id. per 1000 gallons, exclusive of pumping costs, and the advantages 
derived, and the more efficient working secured, justify such a method of treatment. 
Where 1000 tons of ammoniacal Liquor are being distilled per day, it can be counted 
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that 12,500 to 15,000 gallons of cooling water per hour will be required. If other 
processes are undertaken at the same works, then even larger quantities will be 
needed. 


Some Consideeations affecting Design 

In designing a combined heating-cooling system, such as is necessitated in dealing 
with the waste gases from a sulphate of ammonia saturator, where part of the heat is 
used, in preheating the gas liquor, the following factors have to be contemplated : 

(1) The amount of heat which must be removed in condensing the waste gases ; 

(2) The amount of heat which must be removed in cooling the condensed 

steam, etc. ; 

(3) The quantity of vapour entering the cooling system ; 

(4) The amount of inert or other non-condensable gases present in the stream 

from the saturator ; 

(5) The temperature of the vapour entering the cooler ; 

(6) The temperature of the non-condensable gases leaving the cooling system ; 

(7) The temperature of the condensed vapour leaving the system ; 

(8) The amount of each kind of cooling liquid available, i.e. gas liquor and 

water ; 

(9) The temperature of the cooling liquid available ; 

(10) The temperature to which the gas liquor should be preheated and the 

temperature at which the cooling liquid should leave the system ; 

(11) The velocity of the gases over the cooling surface ; 

(12) The velocity of the cooling liquid over the cooling surface ; 

(13) The removal of non-condensable gases from the system ; 

(14) The physical characteristics of the condensed vapour (devil liquor) ; and 

(15) The physical characteristics of the cooling liquid. 

Perhaps it will be expedient to discuss these various factors and the extent to 
which the heating-cooling system will be influenced in consequence. 

It will be understood that the system must be regarded separately ; firstly, as a 
heating system, and secondly, as a cooling system. The basis of the design which it 
is proposed to consider is the treatment of the waste gases from a sulphate of ammonia 
saturator into which are passed the steam, ammonia, hydrogen sulphide, and carbon 
dioxide, etc., resulting from the dissociation of 1250 gallons of gas liquor of 1-94 
per cent NHg per hour, along with the treatment of 294 gallons of devil liquor. 

Consideration 1 : The quantity of heat to be removed in condensing the vapour : 

2940 lb. steam (Latent heat 970 ^ B.Th.U. per lb.) 

=2,850,000 B.Th.U. per hour. 

Consideration 2 ; The quantity of heat to be removed in cooling the devil liquor 
to the required temperature, (say) 120° F. : 

^ It is known that the latent heat of steam is 971 B.Th.U. per lb. For the purpose of these calculations 
a round figure of 970 has been taken. 
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2940 lb. to be cooled from 214° F. to 120° F. 

= 2940 lb. X 94° F. (temp, difi.) x 1-005 (sp. bt.) 

= 277,740 B.Tb.U. 

It will be appreciated that this consideration is of secondary importance, as the 
devil liquor, under ordinary circumstances in most plants, will be returned via the gas 
liquor to the still. Clearly, from this point of view, it is preferable to return it at its 
maximum temperature ; but as the primary object is to cool the gas stream to atmo- 
spheric temperature, it will be realised that partial cooling of the condensate must 
necessarily follow. 

Consideration 3 : The quantity of vapour entering the cooling system is contem- 
plated under No. 1. 

Consideration 4 : The quantity of inert gases to be cooled in the case under con- 
sideration is : (a) 39 lb. of HgS, and (b) 232 lb. of COg. These have to be cooled 
from 214° F. to 60° F. 

(а) 39 lb. X 154° F. (temp, difi.) x 0-245 (sp. ht.) =1470 B.Th.U. per hour. 

(б) 232 lb. xl54° F. (temp, difi.) x 0-221 (sp. ht.)=7900 ,, „ 


9370 


Consideration 5 : The temperature of the vapour entering the cooler is con- 
templated under No. 1. 

Consideration 6, which has reference to the temperature of inert gases leaving 
the system, is' dealt with under No. 4. 

Consideration 7, which has reference to the temperature of the devil liquor leaving 
the system, is included in consideration 2. 

Considerations 8 to 10 are best dealt with collectively. The plant is divided into 
two distinct parts, as has been indicated already : A refers to the system which is 
essentially a preheating one, where the quantity of “ cooling medium ” and its tem- 
perature rise are limited ; B a cooling system in which water may be used in com- 
paratively unlimited quantities. 

Item A : 15,750 lb. mixed liquor to be heated from 60° F. to 191° F. 

= 15,750 lb. xtemp. difi. 131=2,063,250 B.Th.U. 

Item B ; The total heat to be dispersed is : 

2,850,000 B.Th.U. +278,740 + 9370 = 3,138,110 B.Th.U. 

It has been found with the hot gases on the outside of the tubes of an unlagged 
multitubular system, that 21 per cent of the total heat is dispersed by radiation : 

3,138,110 - 659,000 = 2,479,110 B.Th.U. 

Now 2,479,110 (total heat to be dispersed) -2,063,250 (heat absorbed in raising 
liquor -item A) =415,850 B.Th.U., which is the quantity of heat to be dealt with 
in the cooling system. 
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Assuming an initial temperature of 60° P. and a temperature rise of 60° E., 
tlien tlie quantity of water required per Lour will be 


415850 

60 (temp. diS.) x 10 lb. per gall. 


==693 galls. 


Considerations 11 and 12 bave reference to tbe velocity of tbe gases over tbe cool- 
ing surface and tbe velocity of tbe cooling liquid over tbe cooling surface. These 
aspects will be dealt with later. 

Consideration 13 can be ignored in tbe case under consideration, as tbe system is 
under slight pressure (there is a positive flow of gases from tbe condenser), and hence 
effective displacement takes place. 

Consideration 14 : This has reference to tbe physical characteristics of tbe devil 
liquor. Those of importance are : {a) Specific Heat, and (6) Viscosity. 

{a) This has been taken into account when dealing with consideration 2. 

(6) This may be disregarded, as it may reasonably be assumed that tbe viscosity 
is practically identical with that of water. 

Consideration 15 affects the design, inasmuch as if river or canal water 
containing scale-forming impurities is used, then the cooling surface on the water 
side must be readily available for cleaning. 

Regard must now be had to the design of the two systems, and this involves 
attention to the following points : 


Table 31 


{a) The latent heat of the steam to be condensed is 

equal to 2,850,000 B.Th.U. 

(6) The sensible heat in cooling the devil liquor from 

this quantity of steam is 278,740 „ 

hence : 


(c) The total heat is ..... . 3,128,740 

of which 90-8 per cent is latent and 9-2 per cent is sensible. 

{d) The heat required to raise the temperature of the 

liquor from 60° E. to 191° P. is . . . 2,063,250 

(e) The heat lost by radiation amounts to . . 659,000 


Assuming the radiation loss results in condensation and cooling of the steam 
(including the HgS and COg), then 

3,128,740-659,000 =2,469,740 B.Th.U. 

and(/) 2,469,740-2,063,250 = 406,490 „ 

which is the total heat equivalent of the steam leaving the heating system, and 
represents 12-9 per cent of the total steam, or 404 lb. 
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Eeverting to item {d), and dividing tLe quantity in the ratio of 90-8 per cent : 9-2 
per cent, it is found that 1,873,430 B.Th.U. will be absorbed by tbe liquor in con- 
densing tbe steam, and 189,820 B.Tb.U. will be absorbed in cooling tbe condensate 
to 120° F. 

CoEi’i’iciENT OF Heat Teansmission 


Tbe coefficient of beat transmission (K) is constituted of three smaller co- 
efficients, thus : 

If = coefficient of transmission of beat from tbe vapours to tbe wall, and 
yfc2=tbe coefficient of transmission of beat tbrougb tbe wall, and ^3 = tbe coefficient 


of beat transferred from tbe wall to tbe cooling medium, then ^ — ^ 



Values of 7cj, and /% 

{k -^. — For a vapour capable of complete condensation this factor would not be 
lower than two thousand, while for a non-condensing gas the value would be of tbe 
order of ten. 

(/cg). — For cast-iron tubes of 0-3 in. thickness tbe coefficient would be 1600. 
This is arrived at by dividing tbe coefficient of beat conductivity of cast-iron 
(30 B.Tb.U. per square foot per degree Fahrenheit temperature difference per hour 
per foot tbiclmess) by the thickness of tbe wall (0-025 ft.). 

(/cg) is represented by an expression given by C. S. Eobinson, which is as 
follows : 

^3 = 450 where V is tbe linear velocity (in feet per second) of tbe water. 

If V = 0- 1 foot per second, /cg = 80. 

If Y = 1 foot per second, 7% = 450. 

If Y =2 feet per second, k^ = 760. 

If V = 10 feet per second, 7% = 2500. 


Since tbe vapours entering tbe heater contain approximately 80-5 per cent of 
non-condensable gas, \ may be taken as 1000, k^, has been shown to be 1600 for 
cast-iron tubes 0-3 in. thick, and 7% will be 760 if it is assumed for the time being 
that tbe water velocity is 2 feet per second. 

Therefore 


1 ^_ 1 11 
K”i¥0O'^1Mo’''76O 


= 0-00875. 


K = 115. 


Logarithmic Mean Temperature Difference 

It has been assumed for the purpose of this calculation that tbe liquor enters 
at 60° F. and leaves at 190° F., that tbe vapours enter at 214° F., and that tbe 
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devil liquor leaves at 120° F. By taking 9-2 per cent of 130° F. (temp, difl.), it is 
found that the rise in temperature of the liquor in cooling the condensate is 12° F. ; 
in other words, the liquor will first increase in temperature from 60° to 72° F., and 
then from 72° to 190° F. during the condensing period. 

Thus, basing on the following formula. 


Cm = 


6a - 

loge 


■fe 

Ja 

Be 


where 6a and de are the temperature differences at each end of the system, one 
arrives at the logarithmic mean temperature difference during the condensing 
period as 66-4° F., and during the cooling period as 95° F. The surface required 
for condensing will therefore be 


1,873,430 
115 X 66-4 


=245 sq. ft. 


Assuming a velocity of 0-1 foot per second for the devil liquor, K is arrived at in 
the following manner : 


1 J. 1 
K ”^ 0 ‘^ 1600'^80 


= 0-1444. 


K = 70. 

The surface required for cooling will then be : 


189,820 

70x95 


= 29 sq. ft.. 


and the total heating surface 

245+29 = 274. 

The question now arises as to the safety factor which should be adopted in 
connection with the foregoing computation. It must be borne in mind that the gas 
liquor to be distilled may vary in strength to the extent of 25 per cent. Hence, 
a certain flexibility must be afforded. Moreover, it will be appreciated that, due to 
the presence of tarry matter in the gas liquor, a thin film of pitch will eventually 
coat the inside of the tubes. Taking these two factors into account, and taking a 
safety factor of 2, and assuming that 3-in. internal diameter tubes 8 ft. long are to 
be arranged in two single-flow sections, then it will be seen that 58 such tubes will 
be required. Hitherto practice has led to the inclusion of 61 tubes per heater. 
This does not disclose a very wide discrepancy as contrasted with practice, but in 
connection with the cooling section a marked divergence will be revealed as between 
the computation and what practice has hitherto dictated. 


Cooling System 

The heat to be dissipated in. the cooling section is as follows : 
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Table 32 

(1) Condensing water vapour ..... 368,520 B.Tli.U. 

(2) Cooling the devil liquor . . . . . . 37,970 ,, 

(3) Cooling the gases (to the temperatures already in- 

dicated) ........ 9,700 ,, 


Total . 416,190 


TLe water required for the dissipation of the above quantity of heat is 693 
gallons, or 111 cub. ft. The above quantity is based on an inlet temperature of 
60° F. hnd an outlet temperature of 120° F. It appears toiiave been the practice 
in the past, in connection with the heating-cooling system, for the coolers to be 
constructed in the identical manner to the heaters. This observation does not 
apply to any particular plant. Practically all medium-sized and large installations 
possess this defect. 

Assuming the design of the coolers to be the same as that of the heaters, it is 
known that there are 61 3-in. internal diameter tubes, representing 3’05 sq. ft. 
The area of the tube plate minus the total area of the tubes is 8-2 sq. ft. Further, 
the velocity of the water through the tubes is 

oil ^ gA* ^ '0092 ft. per second. 

3-06 x60x60 ^ 


The next step in the computation is to determine the values for /cj, and /%. 

(1) For the condensing period : 

/cj : With a mixture of water vapour and uncondensable gases in the pro- 
portions indicated the coefbcient will not be higher than 100. 

: If cast-iron pipes with 0-3-in. walls are used, the coefficients will be 1600. 
^3 : With a water velocity of 0-01-ft. per second, the coefficient has been 
shown to be 18. 


Therefore 


111 1 

— ==- 1-— — H — = -0662. 

K 100 1600 18 


K = 15. 


It will be seen from the above that low low-water velocity affects appreciably 
the coefficient for the transfer of heat. 

(2) For the cooling period : 

k^ : Assuming the velocity is 0-1 ft. per second, this will be 80. 
k 2 will be identical with that for the condensing period. 
k^ will be much the same as for the condensing period. 
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Therefore 


1 _ 1 1 1 


= -0693, 


K = 14-5. 


(3) For cooling the uncondensable gases : 

\ : With a velocity of 'Ol lb. per second, k-^ will be as low as '5. This 
figure is arrived at from the following formula due to Weber : 


(in metric units) = 


(Mol. wt.)°‘^ ’ 


where w>=lb. per sq. ffc. sectional area. 

Cp = The specific heat at constant pressure. 

S = The reciprocal of the hydraulic mean depth in feet (in circular 
pipes S = 48/d, where d is the diameter of pipe in inches). 

T = Absolute temperature, ° E. 

M = Molecular weight. 


Basing on the above formula, the following graph has been prepared, showing 
the variation of in B.Th.U. for gas velocities up to 10 lb. per square foot per 
second. The curves in question are merely comparative, and only apply to the design 
under consideration. 



V-Z 0-5 1-0 1-5 20 2-S 30 3-5 4-0 

2 4 - 6 8 10 12 14 16 18 

V 10 20 30 40 50 60 70 80 90 


Values for K) 

Fig. 87 . — Graph showing Variation or with Velocity. 
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In tLis case “ gas ” implies COg and HgS in tLe proportions already indicated under 
consideration 4, wHcli has reference to the design of heaters, and ^3 are the same 
as above. 


11 11 
= + + A. = 2-05618. 

K 0-5 1600 18 


K = -488. 


Dealing now with the temperature differences in the manner indicated in the 
calculations for the heater design, the following logarithmic mean temperature 
differences are arrived at : 


Table 33 

( 1 ) Condensing water vapour ...... 98° F. 

( 2 ) Cooling the devil liquor ...... 38° F. 

(3) Cooling the gas stream ....... 40° F. 

From the foregoing data we can now arrive at the heating surface required. 


Table 34 

( 1 ) Condensing water vapour 

( 2 ) For cooling devil liquor 

(3) For coohng the gas stream 


Total 

It is seen that 815 sq. ft. represent the heating surface required in order to per- 
form the work under consideration, but if a safety factor of 2 is contemplated, as 
is the case with the heaters, then the heating surface to be provided will be '1603 sq. ft. 
As each of the coolers provides 464 sq. ft., something of the order of four coolers will 
be required, whereas in actual practice .two, with the aid of an atmospheric serpentine 
cooler, serve the purpose. 

The significance of the foregoing calculations is this : they serve to demonstrate 
that single-flow coolers are by no means satisfactory for functioning under the con- 
ditions which have just been considered. Not only is the velocity of the water (if 
this is to be used economically) through the tubes low, but the velocity of the gases 
on the outside of the tubes is even worse, from the point of view of heat transfer. 
Turbulence is out of the question, and the dissipation of the stagnant film on the 
outside of the tubes is impossible with such a low velocity. 


368,520 
T5'x" 98 
37,970 
38x14-5 
9,700 
-488 X 40 


= 250 sq. ft. 


= 69 


= 496 


= 815 
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Consideration of this problem reveals the necessity for the cooler system to be 
arranged on a multiple flow basis if it is to be eflective and economical. In point 
of fact, if one calculates on reasonable velocities for water and reasonable velocities 
for gas, it will be found that the heating surface afforded by one cooler should be 
adequate for performing the whole of the work. 

It would be outside the scope of this book to give further computations, but, 
as has been indicated in the introductory chapter, there is an urgent need for the 
reconsideration of the design of many of the existing types“of dephlegmators, coolers, 
and heat interchange apparatus. 


CHAPTER VIII 


LIMING, AND THE DESIGN, ETC., OE THE NECESSARY PLANT 

As Las been explained in Chapter III., ammoniacal liquors contain a certain pro- 
portion of their ammonia in the fixed state, thus necessitating the use of an alkali 
for their decomposition. 

Usually caustic lime is converted into a cream or milk by mechanical admixture 
■with water. Occasionally a weak solution of caustic soda, soda ash, or magnesia 
is employed. 

With the latter it is indispensable that it should be recovered, as its cost renders 
this essential. Numerous endeavours have been made in the direction of the utilisa- 
tion of magnesia after use in the liberation of the fixed ammonia from ammoniacal 
liquors, but these do not so much concern the ammonia industry as that of the alkali 
industry. 


Pecuniary Considerations 

As regards the desirability of using caustic soda or soda ash in lieu of lime, the 
question is essentially a pecuniary one. The present prices (March 1924) for the 
three materials in question are as follows : 

Caustic soda, 76/77 per cent . . . £19 7 6 per ton 

Soda ash, 58 per cent . . . . 8 12 3 „ 

Lime, 96 per cent . . . . . 1 15 0 „ 

Approximately 80 parts of caustic soda, 106 parts of soda ash, and 56 parts of 
lime accomplish an identical amount of work in the liberation of ammonia from 
fixed ammonium compounds. In the case of caustic soda and soda ash there is 
no sludge to be dealt with, and, moreover, the cleaning of stills is largely dispensed 
with. It must, however, be remembered that still cleaning does not cost much 
more than 2 d. per ton of sulphate of ammonia made, and the removal of sludge, 
even if conveyed to a dump, does not represent more than 2 s. 6 d. per ton of sulphate 
of ammonia manufactured. 

In the production of one ton of sulphate of ammonia containing 25-5 per cent 
NH 3 , 0-255 ton of NHg is required, or, assuming a 95 per cent working efficiency, 

0-255 x100 „ 

=0-268 ton of ammonia. 

95 

It will be assumed that 20 per cent of the ammonia of the gas liquor is fixed. 
Hence, there is 0-0536 ton of fixed ammonia. 

0-0536 ton = 1-072 cwt. 

Knowing this, it is easy to calculate the relative quantities of lime, caustic 
soda, and soda ash required for the liberation of the fixed ammonia per ton of 
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sulphate of ammonia manufactured. These respective weights and costs are indi- 
cated in the following table : 

Table 35 


Material. 

Quantity required 
per ton of Sulphate 
of Ammonia of 
25-5 per cent 

Price 

per cwt. 

Cost per ton of 
Sulphate of Ammonia 
of 25-5 per cent NHg. 


Cwt. 

s. 

d. 

£ s. d. 

Lime 

1-76 

1 

9 

0 3 1 

Caustic soda .... 

2-52 

19 


2 8 10 

Soda ash .... 

3-34 

8 

7-3 

1 8 9 


It will be seen that it is very difficult indeed to justify the use of either caustic 
soda or soda ash in lieu of lime. 


“ Liming ” and the Liming Chambee 

“ Liming ” has reference to the operation of feeding the cream of lime to the 
still, and the liming chamber is that portion of the still which is assigned for 
admixture of the liquor, which has already been denuded of its volatile ammonia, 
with the cream of lime. 

The application of powdered lime by a positive method would undoubtedly 
prove the most economical, but apparently owing to mechanical considerations this 
method has not been adopted, except in a few special cases on the Continent. 

The advantage of feeding powdered lime to the still resides in the saving of 
steam and water, the prevention of dilution of the liquor, and the economy of heat 
due to advantage being taken of the heat of formation of calcium hydroxide. The 
importance of this aspect is made evident by the data furnished on page 144. 

Unfortunately, lime containing 96 per cent CaO and free from ashes is very 
difficult to obtain, and no doubt this has been one of the deterring factors to the 
adoption of such a method as the one indicated. 

It is found in practice that cream of lime cannot be pumped satisfactorily, and 
that if pumping is resorted to, milk of lime of about 16° Twaddel at 70 ° - 7 5 ° C. has to 
be used. The lime mixer must obviously be placed in such a position that the 
cream of lime (say) of 30° Twaddel can be gravitated direct to the liming chamber. 
When regard is had to the fact that calcium hydroxide is with difficulty soluble in 
water (only a 0-17 per cent solution at 15° C. being possible), the importance of 
maintaining the cream of lime in agitation with the liquor need not be unduly 
emphasised. 

The introduction of cream or milk of lime to the still chills the liquor at the foot 
of the liming chamber momentarily, but sufficient steam, usually about 10 per cent 
of the total, has to be added to ensure the necessary agitation and to maintain the 
mixed liquor at boiling temperature. 
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Coming to the question of the design of a liming chamber, it would appear 
evident that if agitation is to be efficient there must be a limit to the size of the 
liming chamber in relation to a given volume of limed liquor treated. 

Undoubtedly, one of the faults of design of many liming chambers is that they 
are too large and allow calcium compounds to settle out instead of being retained 



Sp. gr. (° Tw.) . 

4 

8 

12 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

38 

40 

Lb. CiiO per gall. 

•244 

•498 

•752 

1-00 

1-13 

1-26 

1-38 

1-52 

1-64 

1-77 

1-90 

2-03 

2-16 

2-42 

2-55 

Galls, required to give 
13-7 lb. CaO . 

66-1 

27-5 

18^2 

13-7 

12-1 

10-9 

9-9 

9^0 

8-4 

7-7 

7-2 

6-7 

0-3 

5-7 

5'4 

Lb. required to give 
13-7 lb. CaO . 

572 

286 

193 

148 

132 

120 

110 

101 

95 

88 

83 

78 

74 

67 

65 

A. Heat required for 
dissolution B.Th.U. 
(lOOO’s) . 

86-4 

43-2 

29-2 

22-4 

19-9 

18-4 

lO-O 

16-3 

14-3 

13-3 

12^5 

11-8 

11-2 

10-1 

9-8 

B. Heat absorbed in 
distillation ditto . 

60-9 

30^5 

20-5 

15^8 

14-1 

12-8 

11-7 

10-8 

10-1 

9-4 

8-8 

8-3 

7-9 

7-2 

6-9 


Notes. — l. The above figures are calculated for the distillation of 100 galls, of 8-oz. liquor having q fixed 
ammonia content of 0-340 per cent w/v (20 per cent of the total ammonia). 

2. An e.’ccess of 20 per cent above theoretical lime quantity is allowed. _ 

3. The milk of lime enters the still at 110° P. and has therefore to be raised tlrrough 106-5 to 216-5 (the 

temperature of distillation). „ „ , , 

4. The heat required for the dissolution of the lime is taken as 151 B.Th.U. per lb. of solution. 

Fig. 88. — Thermal Aspect oe the Application oe Lime. 


in a state of suspension. This is a matter to which increasing attention could be 
very profitably devoted. 

The question has been asked by managers in charge of small and medium- 
sized ammonia plants, whether any formulae were known relative to the quantity 
of milk of lime required per unit .volume of gas liquor containing a certain percentage 
of fixed ammonia in relation to the total ammonia. 

Fig. 88 is of interest in this connection. It is clear that a formula of the kind 
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referred to can be readily calculated from analytical data. One such, formula (based 
on the milk of lime required per hundred gallons of gas liquor) of which the writer 
has knowledge is expressed thus : 

V = 65F-L, 

where V represents the volume of milk of lime in gallons, P the fixed ammonia con- 
tent of the gas liquor in oz. strength, and L the strength of lime in degrees Twaddel. 

The following calculation will afford an indication as to how the above formula 
has been arrived at, and incidentally gives an idea of the excess milk of lime solu- 
tion which it contemplates : 

1 oz. sulphuric acid = 0-3469 oz. NHg. 

1° Tw. milk of lime =0-845 per cent CaO at 70° C. 

Or, in 100 oz. ditto there is 0-845 oz. CaO ; 
in 1 gallon ditto there is 1-352 oz. CaO. 

2NH3 : CaO as 34 : 56. 

1 oz. fixed ammonia requires ^ = 0-5712 oz. CaO. 

^ 34 

The factor per gallon of gas liquor on the above given data is 0-5712 1-362 
= 0-42, or a factor per 100 gallons of 42. 

Presumably the formula cited contemplates about a 50 per cent surplus of milk 
of lime. This is excessive, as extended experience suggests that the whole of the 
fixed ammonia can be eliminated, given reasonable control, with an excess of milk 
of lime of 5 per cent of the theoretical. 

A useful chart for controlling the consumption of lime in the distillation of gas 
liquor is shown in Pig. 89. This is reproduced from an article by Harold J. Hail- 
stone, P.C.S., of Rochdale, which appeared in the Gas Journal^^ vol, 161, February 7, 
1923. It will be appreciated that it is immaterial whether the ammonium contents 
are expressed in “ percentages ” or in “ oz. strengths,” provided an identical unit 
is used for both fixed and total ammonia. Prom the chart in question the correct 
rate of liquor feed and addition of lime can be readily determined for a given output 
where liquors of all strengths between 1 oz. and 4 oz. fixed ammonia and 7 oz. to 
12 oz. total ammonia are used. Equally, it can be easily adapted for percentage 
values, and extended to any desired range to suit special local conditions. 

To find the amount of liquor and lime required for the production of 1 ton of 
sulphate from a given liquor it is only necessary to read the total ammonia strength 
at the side, then trace along to the curve, and from this point read off the gallons 
on the base line. The lime figure is obtained by tracing the point of total strength 
from the side until meeting the fixed ammonia line from the base. The point of 
intersection is read off on the diagonal, and gives the lb. of lime to be used in the 
distillation of the amount of liquor already found in order to produce one ton of 
'sulphate. For example, for a four-ton per day plant dealing with 10-5 oz. liquor, 
with 2-8 oz. fixed ammonia, it will be necessary to use 2533 gallons of liquor and 

^ Published by the hind 'permission of the Editor. 
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304 lb. of lime per ton of sulphate produced. This represents 422 gallons of liquor 
and 50-7 lb. of lime per hour. The chart is based on the amount of lime required 
to liberate the complete fixed ammonia content from gas liquors of the strengths 
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Fig. 89. — Hailstone’s Chart eoe controlling Lime Consumption. 


specified, and provides for a 20 per cent excess to allow for impurities in the lime and 
for surplus in the distillation. 

The lime feed is related strictly to the fixed ammonia content, and, as has been 
observed, experience suggests that very little excess over the theoretical is required 



Fig. 90.— Sketch of Large Works Lime Feed. 


to liberate the whole of the fixed ammonia prior to discharge of the spent liquor from 
the still. 

An undue excess of lime adversely affects production costs, and leads to 
increased labour charges in respect of cleaning of the stills and the removal of the 
sludge from the settling tanks or pits. A deficiency of lime is frequently the cause 
of a very serious loss of ammonia. 

At large works where seven or eight stills have to be fed simultaneously from a 
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common pipe conveying milk of lime under pressure, it will be found tkat regulation 
of the required quantity by a series of cocks is very difficult, and does not allow of a 
sufficmntly sensitive adjustment. 

It is preferable to use nozzles with a fine aperture, and to adjust the quantity 
by increasing or decreasing the pressure in the common feed pipe. In all cases the 
common feed pipe should be provided with a return having a control cock to the 
lime tank, to which there must be a continuous discharge. This is illustrated in 
fig. 90. In this way blockages of the lime service pipes can be obviated. 

Deposition of the lime in laminations occurs if the flow of the milk of lime is 
reduced below a certain velocity. 

As illustrating the disparity between practice and theory, the following data, 
culled from Dr. Bailey’s (Chief Alkali Inspector) Annual Report for 1922, are afiorded : 

Table 36 


Lime Feed in relation to Fixed Ammonia 



Works A. 

Works B. 

Works C. 

Works D. 

Lime Peed. 

Soda Ash 
Peed. 

Equivalent 
Lime Peed. 

Period .... 

6 months 

6 months 

1 week 

2 weeks 

Ammoniacal liquor dis- 






tilled — volume (galls.) 

24,189,000 

2,736,000 

42,770 

29.660 

Fixed ammonia — 






Per cent of total 






ammonia 

23-5 

21-0 

16-3 

23-3 

Total weight (tons) . 

441 

34 

16-2 (cwts.) 

23-6 (cwts.) 

Lime as CaO : 




Ai Na^COg. 

As CaO. 

Equivalent to fixed 






NHg (tons) 

726 

56 

26-7 (cwts.) 

73-5 cwts. 

38-8 cwts. 

Actually used (tons) . 

804 

162 

28-0 „ 

93-0 „ 

4:9'1 „ 

Excess used (tons) . 

78 

106 

1-3 (cwts.) 

19-5 cwts. 

10-3 cwts. 

Excess used (per cent) 

10-7 

190 

4-8 

26-5 

26-5 

Used per 1000 galls. 






of liquor distilled 






(cwts.) 

0-67 

1-18 

0-65 

315 

1-65 

Ammonia in effluent 






liquor (per cent) . 

0-02 

0-05 

0-02 

Average . 

. 0-08 





Maximum 

. 0-387 





Minimum 

. 0-014 
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Plants for the Production of Milk or Cream of Lime 

Plants for tlie production of milk or cream of lime are obviously of various sizes 
according to the capacities of the sulphate of ammonia plants. 

Sulphate of ammonia plants range from ton per day to 100 tons per day 
capacity. With a small plant it is usual to place the liming apparatus adjacent to 
the still, either in the same building or in a lean-to abutting the still-house. This is 
necessary, so that the attendant can maintain easy supervision of the whole plant. 

With a medium-sized or large works it is desirable, and usually customary, to 
place the liming apjiaratus in a separate building adjacent to the lime store. 

Plants for Small Works 

For small works the liming apparatus must be of simple construction, and 
designed in such a way as to be foolproof. 

Consider a works making one ton of sulphate of ammonia per day — and there 
are many such works throughout the country. It has been shown already that if 
the fixed ammonia content of the gas liquor is 20 per cent, such a works need not 
employ appreciably more than 1-67 cwt. of lime per day. Let it be assumed that the 
milk of lime is to be made of a strength of (say) 12° Tw. This represents approximately 
0*752 lb. per gallon. 

It will therefore be necessary to prepare for the full twenty-four hours 

= 261 gallons of milk of lime. This represents approximately 11 gallons per hour, 
or about one-fifth of a gallon per minute. To feed this quantity regularly throughout 
the twenty-four hours of the day obviously needs a plant of a foolproof nature. 

It is known that in ammonia works of the size under consideration it is the 
practice to pump a predetermined quantity of milk of lime to the still at certain 
fixed intervals, (say) each quarter of an hour. The author does not recommend this 
procedure, as, clearly, there will be a large excess of milk of lime at one time and a 
deficiency at another. Apart from the foregoing aspect, intermittent feeding of 
milk of lime chills the contents of the still, increases the flow of liquor through the 
fixed section, and this means loss of ammonia, as there will be insufficient steam to 
secure efficient dissociation. 

F. Shewring has devoted much attention to the requirements of small works 
in the matter of lime feed, and has been responsible for evolving one or two special 
devices for aiding continuous and uniform feed to the still. 

The requirements in this connection may be stated as follows : 

(a) A tank provided with a basket, or cage, in which the lime to be treated is. 

placed, and a mixing device by means of which the milk of lime is main- 
tained in a state of constant agitation. 

(b) A small ram pump, or injector, for feeding the milk of lime to a gravity 

sight feed. 

(c) A special feed device conducting the milk of lime to the pipe leading to the: 

still. 


LIMING-, AND THE DESIGN, ETC., OF THE NECESSARY PLANT 149 

In some cases a tank for slaking the lime is provided, althougli in tlie author’s 



E .Injector. J. Still. 


Fig. 91. — Shbweing Liming Apparatus. 

view this is not a necessity, as one tank can be made to serve for the slaking of the 
lime and the maintenance of a suitable suspension as a milk. 





Eig. 91 shows a typical arrangement of the She wring’s plant for a small works. 
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Eig. 92 represents anotLer type of arrangement for the production of milk of lime. 
Eig. 93 gives details of the Shewring’s special lime feed, which aims at avoiding, or 
reducing the possibility of, blockage of the outlet of the bowl leading to the delivery 
feed pipe. Vibration is set np in the first case as the milk of lime falls on the light 
spring. Thus the outlet is continually probed. In the second case the fall of the 
milk of lime disturbs the equilibrium of the lever arm and automatic probing is secured. 
The rate of feed for a small plant is so low that it is invariably necessary to arrange 
for a continuous return from the elevated receptacle to the bottom tank. All the 
milk of lime fed to the pump should pass through an enclosed strainer having in. 
diameter perforations, at in. pitch, 18 S.W.G., fixed to the suction pipe of the 


Feed from Pump 



pump so as to prevent grit, small stones, and ashes reaching the valves of the pump 
or the nozzle of the injector. 

It should be observed that the supply of Shewring’s continuous liming device 
is in the hands of W. C. Holmes & Co., Ltd., of Huddersfield. 

Medium-sized Works 

Another arrangement of liming plant suitable for either small or medium-sized 
works is shown below. This illustration (fig. 94) is largely self-explanatory. 

Eigs. 95 and 96 represent a complete liming plant as made by Messrs. The 
Chemical Engineering & Wilton’s Patent Eurnace Co., Ltd., of London, which 
has proved efficient in operation. It comprises a lime-slaking tank a, with cage c, 
having a partition b. Agitation is secured by the operation of a steam injector of 
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the Korting s or some such type. The steam and induced air are made to pass through 
suitable perforations in the pipes d. The grit and ashes remain in the slaldng 
section of the tank and are removed periodically. The milk of lime overflows the 


partition, and is fed to the automatic pumping device. The speed of the lime feed 
can be regulated by cock /, and to obviate any return to the lime tank a check 
valve g is provided. 

The automatic pump is provided with a float, which rises as it becomes full. 
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WLen full, tLe rotary valve is thrown over and the admission of steam to the shell 



shell 
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tlirough the check valve h to the liming chamber, or to the gravity sight feed. 
The float gradually descends with the emptying of the body of the pump, and 
ultimately the rotary valve i assumes its original position, when the steam supply 
is cut out, and the exhaust port is opened, thus admitting of a further cycle of 



Eig. 97. — Arrangement for producing Cream of Lime 30° Tw. 


operations. It will be seen that the speed of the pump is not a function of the steam 
pressure, but rather of the control of cock /. A further advantage resides in the 
fact that no working parts are in contact with the milk of lime, and attrition is largely 
obviated. 

Fig. 97 shows a lime-mixing plant which is specially designed to give a cream of 
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lime of about 30° Tw. It consists of two conical tanks, each of which, is provided 
with a shaft and agitating arms. The lime is placed in a large basket in vessel A, 
and this basket is totally immersed in water. Slaking proceeds apace, and the 



suspension of the lime is aided by efficient stirring. The -cream of lime is made in 
bulk in this vessel, twenty-four hours’ supply usually being made at a time. It is 
then intermittently discharged into a sieve, which allows the man who is replenishing 
vessel B to push to one side the grit and ashes collected on the sieve, thus admitting 
of a rapid flow of cream of lime to the second tank. 



From the second vessel a special pump is fed with the cream of lime. Details 
of the pump are given in fig. 98. This pump is a double-acting one, but can be so 
arranged that one or both sections can be operated. The feature of the pump is that 
it is driven at a constant speed, which synchronises with the pumping of the gas liquor. 
Adjustment of the rate of feed of the lime — necessitated by reason of variations in 
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the percentage of fixed ammonia— is secured by altering the length of stroke of the 
ram. The crank pin can be fixed at any point on the radius of a special crank disc. 
It will be seen that the pump is of the plunger type, and is provided with ball valves 
for the suction and deliver}^ 


Large Works 

A lime-mixing arrangement as shown in fig. 99 is applicable for large works, and 
will be found to be generally efficient. 

Water is run into the circular tank a, and the lime disposed on the perforated 
plates h. A hot water or steam supply is necessary to aid th e slaking of the lime 
and facilitate rapid hydration, and the speed of the mechanical stirrer will help the 
formation of a suspension of lime as a milk or cream. The latter is fed through cock 
(I, and via the sieve into the tank e, from which it is pumped through suction pipe 
/, which should preferably be provided with a closed strainer, to the liming chamber 
or sight feed. The milk of lime in tank e is kept in a state of suspension by a similar 
agitating device to that provided in tank a. 

Fig. 100 shows an arrangement of the non-mechanical type for the preparation 
of large quantities of milk of lime, the agitation of the two tanks being obtained by 
means of indticed air, secured by the operation of Korting’s steam agitators. The 
feature of this arrangement, which is capable of treating 6 tons of lime per twenty- 
four hours, is the importance which is attached to the removal of grit, etc., from the 
milk of lime. It will be seen that provision is made for separation of the grit at three 
distinct points. The conical type of tank, which is provided, also assists the deposi- 
tion of insoluble matter and aids its removal. 


Liming Chambers 

Coming now to the question of typical liming chambers, fig. 101 shows a pipe 
bringing the gas liquor to be limed to the foot of the still, at which point the milk of 
lime is added. The steam inlet pipe is provided wfith four outlets, two of which are- 
placed tangentially, the other two being at right angles to the pipe. The baffle plates 
admit of considerable travel for ensuring uniformity of admixture. 

Fig. 102 represents another form of liming chamber. The liquor to be limed is 
brought to the foot of the still by four pipes and the milk of lime is admitted at the 
foot of the still, a suitable agitating steam pipe with radial arms being provided. 
The operation of the latter is on the principle of the Barker’s wheel. The limed liquor 
ascends the liming chamber and is filtered through a perforated plate prior to being 
discharged to the fixed still. Whether blockages arise on the perforated jhate is not 
known, but except the agitation is tolerably effective, it is feared that this may prove 
a possible source of difficulty, particularly so as the perforated plate is not too readily 
accessible. 

Fig. 103 represents another typical liming chamber having many features in 
common with those already described. 



Nr 
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It will be seen tliat this arrangement provides for the limed liquor passing to a 
chamber at the foot of the column before being led to the fixed still. 
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free and fixed stills. The liquor to be limed enters almost at the foot of the chamber, 
at which point the milk of lime is introduced. 

Agitation is created by a circular perforated pipe, the limed liquor leaving by 
the overflow pipe shown in the sectional elevation. 

Eig. 106 shows the liming chamber and stepped fixed still of the Simon’s type. 
This is interesting in many ways. 

It is important that the gas liquor should be thoroughly decarbonated before 
entering the liming chamber, otherwise the ammonium carbonate will react with the 



milk of lime, forming calcium carbonate, which becomes hard in the still and renders 
cleaning much more frequent and difficult. 

Further, the amount of lime necessary to ehect the removal of the fixed ammonia 
would of necessity have to be increased, imless an appreciable excess were normally 
used. 

This subject is bound up with the relation of the capacity of the free and fixed 
sections, which in no known example allow's of adjustment of the two sections. Here 
is a possible weakness which must affect the capacity where the fixed ammonia in the 
liquor varies. Fortunately, liquor from one source is usually tolerably constant as 
regards the ratio of free to fixed ammonia : hence this factor would only be of import- 
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ance in cases where the distiller purchased his liq^uor from several sources. 

Where the liming chambers are of tolerable size, provision should always be 
made for the periodic emptying of the liming chamber, in order to remove the accumu- 



Fig. 104 . — Liming Chambers. 


lations of lime sludge which settle out. 

Indeed, it has been found advantageous in the operation of many stills to run off 
part of the limed liquor from the liming chamber direct to the waste liquor main once 
or twice each day. 
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Fig. 106 shows not only the provision for ‘‘ blowing away ” the lime sludge, but 
the method of operation. 



Fig. 106. — Sludging, or “ Blowing down ” Provision. 

Manholes should also be provided in connection with all liming chambers, in 
order to afford access for cleaning purposes. 

As the “ blowing down ” of ammonia stills results in the loss of ammonia 
of about 1 to 2 per cent, every step should be taken to reduce the frequency of 
this operation to a minimum. The greatest importance attaches to the quality 
and quantity of cream of lime fed to the stills. Obviously, the larger the 
quantity of grit sent along, the more frequent is the “ blowing down.” Similarly, 
the greater the excess volume of cream of lime used, the more often is sludging 
necessary. At some works the limed liquor which is blown down is collected, and 
after settlement the clear liquor is pumped to the still and the ammonia recovered. 

11 




CHAPTEE IX 


THE THEEMAL ASPECT OF THE SULPHATE OP AMMONIA PEOCESS 

It lias been remarked in the introductory chapter that the greatest economy in the 
matter of steam, so far as sulphate of ammonia manufacture is concerned, is likely 
to result from a better utilisation of the available heat of the process. 

Hitherto, singularly little information has been published on the subject of the 
thermal aspect of this manufacture. The author, recognising the importance of this 
phase, has made many determinations under large-scale working conditions to enable 
a thermal balance to be drawn up. In this connection the following measurements 
were made : 

(1) Quantity of liquor distilled. 

(2) Quantity of steam supplied. 

(3) Temperature of steam supplied. 

(4) Pressure of steam supplied. 

(5) Quantity of devil liquor distilled. 

(6) Quantity of cooling water used. 

(7) Temperature of water at the inlet and outlet of the coolers. 

(8) Temperature of the gas liquor at the inlet and outlet of the preheaters. 

(9) Temperature and quantity of cream of lime used. 

(10) Temperature and quantity of effluent liquor discharged from the still. 

(11) Temperature of waste gases leaving the coolers. 

(12) Ammonia, hydrogen sulphide, and carbonic acid contents of the gas liquor 
distilled. 

(13) Ammonia, hydrogen sulphide, and carbonic acid contents of the gases 
leaving the still in their passage to the saturator. 

The two diagrammatic sketches below, figs. 107 and 108, show clearly the 
essential apparatus constituting the integral unit, the heat units entering and leaving 
the various portions of the plant, together with details of the gas liquor being dis- 
tilled and its content of ammonia. Although the determinations have been expressed 
on the basis of 100 gallons of liquor (that is, 82 gallons of gas liquor of 1'94 per cent 
NH3 content, and 18 gallons of devil liquor, together representing 100 gallons of 
1'59 per cent NHg content), the actual period during which the measurements were 
made represented several days. 

The various determinations undertaken during the period of the test have been 
averaged and reduced to a basis of 100 gallons of liquor. 

An idea of the capacity of the still and accessory plant on which the measurements 
were taken can be formed from the rate of feed. This was 100 gallons in four minutes. 

The various figures have been summarised, and heat balances are given below. 
The figures have been calculated from a basis of 15 ‘5° C., and are expressed respectively 
in terms of [a) British thermal units, and (6) in pounds of steam from and at 100° C. 
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A. Free still. B. Fixed still, O. Saturator. 

IJDi- Gas liquor preheaters. Coolers. B. Gas liquor tank. 

6r. Devil liquor tank. S. Boiler feed water heater. I. Small milk of lime feed tank. 























164 


THE DESIGN AND WORKING OE AMMONIA STILLS 


o d 


o o o 
o o o 
00 <M r- 


o o 
o o 
o 


I IN 


o o o o 

o <£> 00 «5 
O i-i O 


O 


t-H 

cp (^1 

O 

1> 

^ ZD 


o 

<N lO 

00 



(M 


lO C~ (N 
t- (N O l> 


a — 

<u +3 +2 
“ « 
fc- « S 


•S 

fcC 

D 




a ^ 
S * a 
2 13.2 


^ a . 

M W 03 d 

^ 2 ^ 

I 

eS 
ffi 


a 

feC r 


H.; o o o 
P o o o 

j5 ..+I O «0 

P N of 

P 


m o 

S 

ts .9 

<n !-i 

A a 

gTS 

*^'a 

bC O 

•9 

H ca 

a a 


s « 

W ^ 


O ^ 03 5^ 
O Ph 

0^03 ^ o 


W 


Tj ^ 

2 e 

CD •«* 

8 

2^ 

- 

© s 


bO SS 


w 


o o 
o o 
oo i> 


PS 


cS 


r3 a -a .2 

-p p 4a 
M m © ctj 


.9 S) 

^ SI 

a -2 


© tH 


.9 

•S S 

<1^ :j 




a ® 


xi ^ bO a? 

S .a „ g 


w 


Ip cp 

f-H 

o o 

o 

I> 03 

1> 

00 o 


CO 

o 

o i> 

00 

rH 



Ol 


.9 

S ctf 

K 




• t3 

a 


s. a 

bO c6 

.9 ^ 

-a a 
a ■ 'I* 
© tx 


& 9 


W 

A 


^ Ip 

9 

S '3 5 

9 03 rrt 
+3 ^ 
^3 *+H 

_^ © o 

, += pj 

p p 

0 © © 

1 w w 

^ ,^-: 


03 


03 


S 03 
J5 -C3 

1 2 
§3 ^ 

9 .9 

M P 

EH 


bp eti a © 

.9 E & a 


w 




© 

© 

a _ 

p +3 

9 

rfi 


g| 
s ^ 


03 03 

MW 


9 s 
s? 2 

-a ^ 

§3 M' 

g •§ 

Cd fH 

^ s 
;9 


THERMAL ASPECT OF THE SULPHATE OF AMMONIA PROCESS 165 


Consideration of tKe thermal balances reveals that the distillation of gas liquor 
is self-supporting, assuming all available heat is completely utilised. The figures 
show that in the distillation of the 100 gallons in question the heat entering the still 


is as follows : 

f Table 39 

(1) Via steam supplied . . . . . . . . 260-0 

(2) 7m preheated gas liquor ....... 137-5 

I (3) 7m cream of lime . . . . . . . . 9-6 

' 407-1 


The heat available for utilisation is as follows : 


Table 40 

(1) 7m gas stream from still . . . . . . . 208-0 

(2) 7m efEuent liquor ........ 187-0 

(3) Heat arising from saturator : 

Heat of dilution and heat of formation .... 76-0 

i 471-0 


The ratio of steam applied to liquor distilled is 26-0 : 100, or, expressed in another 
way, 16-35 lb. of steam are required per lb. of ammonia dissociated, from gas liquor 
of 1-59 per cent NH3. 

Incidentally, the figures show, assuming no attempt is made to utilise the heat 
^ available other than that due to preheating the gas liquor, and ignoring for the time 

being the work ejected by the steam-ammonia vapours leaving the still in evaporating 
15 lb. of water, that the efficiency of the process, from the point of view of heat 
I conservation, is 29-2 per cent. 

It is unnecessary here to refer to the thermal efficiency of the still per se. This 
aspect has been dealt with fully in Chapter VI. 

It is, however, opportune and desirable at this juncture to inquire how best 
advantage can be taken of the heat available in the sulphate of ammonia process, 
j Although this book is intended to deal essentially with the design and working of 

^ ammonia stills, it will be appreciated that one cannot divorce the still from the other 

H portions of the plant to which it is attached when considering heat utilisation. 

If, therefore, one is to indicate possible directions for improvement, the plant 
must be regarded as a whole, and not as a part. 

I An examination of the thermal balance will reveal that the major portion of 

'• the heat is contained in the waste gases leaving the saturator. It is true that part 

of this heat is utilised in preheating the gas liquor prior to its entering the still. The 
extent of this utilisation is 60 per cent. The other 40 per cent is dissipated, because 
it is necessary to use water to cool the gases leaving the gas liquor preheaters to such 
a temperature as will admit of these being sent, in the case of the plant under 

i 
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consideration, to tlie spent oxide burners for combustion to sulphur dioxide. If the 
gases were not cooled to atmospheric temperature, water vapour would be carried 
forward to the spent oxide burners, and difiSculty would arise in the combustion of 
the gases, apart from the seal pots of the waste gas main constantly overflowing 
and causing a nuisance. 

It will be seen that the disability with the existing arrangement of sulphate of 
ammonia plant as invariably erected in this country lies in the fact that there is a 
larger quantity of heat leaving the saturator than can be adequately taken advantage 
of, if the interchange of heat is to be between the waste gases and the gas liquor to 
be distilled. 

If one discusses this question with continental sulphate of ammonia experts, 
it will be pointed out by them that it is wrong in principle to use gas liquor as the 
medium of interchange for the waste gases from the saturator. They say : ‘‘ On 
ne pent songer a rechauffer a plus de 80 degres les liquides a trader, car il est necessaire 
de faire traverser les appareils distillatoires d’une quantite minimum de vapeur pour 
produire I’entrainement de I’ammoniaque afin d’atteindre un epuisement convenable.” 

Although the consideration which the continental experts have in mind is appre- 
ciated, it is feared that actual practice does not substantiate their view. 

Assuming the ammonia concentration in the steam-ammonia stream above the 
Hquid of the top chamber but one of the free still is 10 per cent, the idea underlying 
the continental view is that by introducing the preheated gas liquor at 80° C. no 
dilution of the ammonia content is likely to take place, whereas by preheating the 
liquor to 90° C. or more, steam or other diluent will be evolved preferentially, and the 
ammonia concentration will be weakened. The measure of such dilution will, accord- 
ing to the continental viewpoint, if the author’s interpretation of it is correct, represent 
the disability accompanying a too highly preheated gas liquor. 

The author’s point of view on this subject is this : It is no doubt true that 
dilution of the ammonia in the steam-ammonia stream does arise by feeding gas 
liquor preheated to 90°-100° C., as compared with 80° C., but the dilution is not 
attributable to the evolution of steam. Rather is this due to the immediate dis- 
engagement of hydrogen sulphide and carbon dioxide. The nearer the gas liquor 
attains boiling-point, on discharge to the still, the more effective will be the decarbona- 
tion and desulphurisation, on the principle that chemical combination has been 
disrupted, that the three principal gases — ammonia, hydrogen sulphide, and carbon 
dioxide exist in solution not as ammonium hydrosulphide, ammonium carbonate, 
and ammonium bicarbonate, but, obeying Henry’s law, as free gases in water under 
identical conditions. In view of the greater solubility of ammonia, as contrasted 
with hydrogen sulphide and carbon dioxide, the two latter gases are instantaneously 
released, and hence tend to cause dilution. The nearer the preheated gas liquor 
approaches the boiling-point the greater the dilution. But it must be remembered 
that m the event of partial decarbonation and desulphurisation the remaining 
^ } drogen sulphide and carbon dioxide must be released at some point or other, and 
It IS immaterial whether a relatively larger volume is discharged at the top of the free 
still, or whether the release is effected more slowly during the passage of the liquor 
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through the several compartments of the free section. If one is working under 
comparable conditions, with gas liquor preheated to 80° C., the ammonia concentra- 
tion of the steam-ammonia stream is not likely to be so high in the second chamber 
from the top as will be the case where the gas liquor is introduced at a higher tempera- 
ture. The author therefore fails to appreciate the cogency of the continental view- 
point. 

Apart from the above aspect, it is conceivable that by reducing the amount of 
live steam to be used at the still, due to increasing the temperature of the feed liquor 
to the still, say, as between 90°-100° C. and 80° C., less dilution of the liquor traversing 
the still will occur during distillation, and to this extent the elimination of ammonia 
from the liquor will be aided. 

The author has inspected several continental sulphate of ammonia plants of 
tolerably large size where preheating of the gas liquor has been effected via the 
waste liquor, but, curiously enough, in several of these works no attempt has been 
made to take advantage of the heat contained in the waste gases, which, it will be 
appreciated from the thermal balances under discussion, constitutes the maior 
portion of the potential heat. 

It is quite certain that whether the gas liquor be preheated by the spent liquor 
or by the waste gases, the available heat cannot be adequately taken advantage of. 

It will be noticed that at the works at which the thermal determinations were 
made it is the practice to preheat the boiler feed water by means of the spent liquor 
Reference to fig. 107 will show that 58,190 B.Th.U. are recovered in this way from 
an available 182,200 B.Th.U., representing an approximate recovery efficiency of 
32 per It is true that it should be possible to preheat the boiler feed water to at 

least 85°-90° C., given interchange heaters of adequate size. But it will be found 
that taking the ammonia distillation plant as a separate process, and providing this 
plant with its complement of boilers, the ratio of boiler feed water required to gas 
liquor distilled is approximately 33 : 100. 

It v ill be wise at this juncture to anticipate the natural question which will be 
asked, namely, Why are 33 parts of steam required per 100 parts of gas liquor dis- 
tilled when the thermal balance sheet shows that only 26 parts per 100 are required ? 
The answer to this question is this : Apart from the steam required for actual dis- 
tillation, steam is needed in addition for the undermentioned purposes : 

(a) For the forced draught furnaces, for the combustion of breeze ; 

(&) Tor the ejection of the sulphate of ammonia magma from the saturator, 
and occasionally to elevate the mother liquor to the saturator ; 

(c) Steam for motive power ; i.e. for the driving of centrifugals, elevators, 

conveyors, bagging elevators, drying towers, etc. ; 

(d) For the pumping of : 

(1) Boiler feed water ; 

(2) Water for cooling the waste gases, and 

(3) For pumping gas liquor and devil liquor ; 

and (e) For the production of cream of lime, and the pumping of this to the stills. 
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WLen the above requirements are duly considered, it will be seen that the ratio 
is a reasonable one, especially so if a correct idea is formed of the extent to which 
labour is^ minimised by the adoption of mechanical handling of the final product by 
the provisions indicated. 

On reflection it will be seen that in much the same way as the volume of gas 
liquor is too small for admitting of effective utilisation of the heat available in the 
waste gases leaving the saturator, so is the volume of boiler feed water too exiguous 
for effective utilisation of the available heat of the spent liquor. 

To reverse the order of things, and utilise the boiler feed water as the medium 
of heat exchange between the waste gases, and to preheat the gas liquor via the 
spent liquor, does not assist matters ; indeed, on the contrary, it rather militates 
against more effective utilisation. 

How then can advantage be taken of the heat at one’s disposal ? One 
has to enter the domain of the evaporator engineer to And a parallel problem 
and its solution. Owing to the high latent heat of water, it was recognised 
several years ago that the evaporation of water was expensive. By employing 



Fig. 109. — Schematic Diagram op Multiple Effect Distillation Plant. 


steam as the heating medium in another apparatus, a large portion of the 
latent heat is recovered, and a further evaporation is obtained. It is seen that 
this method of utilisation need not stop at one apparatus, but that a multiplicity 
of apparatus can be used. Hence the origin of the well-known system of multiple 
efiect evaporation. 

Although the disengagement of ammonia from ammoniacal solutions is not an 
evaporation problem, yet it is obvious that a solution of the problem under dis- 
cussion is to be found in the adoption of a number of stills and saturators worked 
in series. The waste gases from the first saturator will enter a further still, and so 
on. In other words, multiple effect distillation must be resorted to. Fig. 109 
shows schematically the arrangement of plant. 

The idea of a multiple effect arrangement of distillation plant for sewage liquors 
and ammonia solutions was the subject of a discussion in 1876, and again in 1881, 
when Young was successful in securing a patent which provided for the desulphurisa- 
tion and decarbonation of ammoniacal liquor, and for the introduction of the steam 
and ammonia vapours from the saturators to the stills by means of injectors ; but 
an essential consideration which would be of material consequence in these days was 
not contemplated. 
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Multiple efiect distillation Lad apparently only a limited application on the large 
scale. Little published matter can be found concerning it. 

The same conception was revived in the early years of the twentieth century, at 
the time of the introduction of the vacuum plant for the manufacture of sulphate of 
ammonia, erected by Ernest . Scott & Co., Ltd., of London and Glasgow. In the 
paper read by the late J. Ballantyne, of Hamilton, on the new process, the pen- 
ultimate paragraph of his contribution is significant in this connection. It reads as 
follows : “ The foregoing description applies to what is called a ^ single effect ’ 



Fig. 110 . — Scott’s Ammonia Still. 


plant, installed at Hamilton. Although it was at first intended to erect a ‘ double 
effect ’ plant, it was found, however, that the former would be quite large enough 
for the purpose desired. Where exhaust steam may not be available, or not suffi- 
cient, and live steam has to be used, a considerable saving will be obtained by the 
double effect plant, as the waste gases from the first still and saturator, as shown 
on fig. 110, are utilised for heating the liquor in the lower part of the second 
still. Only one preheater, condenser, and vacuum pump are required, and as 
practically double the quantity of liquor can be dealt with, and therefore double 
the quantity of sulphate made, it must be evident that the saving in fuel per ton 
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of sulphate made will be much greater in the double efiect plant, besides a smaller 
floor space being required.” 

Here, again, is the same idea, but, singularly enough, an essential factor is not 
contemplated. M'hat that factor is it is impossible for the author to say, having 
regard to pending patents. It is believed, however, that it has been made clear that 
the existing arrangement of sulphate of ammonia plant cannot be operated with a 
much better steam consumption per lb. of ammonia dissociated from gas liquor of 
1-59 per cent ammonia than : 


260 lb. steam 
15-55 lb. ammonia 


32 

1 Of) (heat recovered in ~ ^ ^ ^ ^ • j 

boiler feed water) 


whereas if the process is a self-supporting one, as has been affirmed, it is evident 
that some radical improvement or alteration must be made. 

It should be observed that the figure of 11-37 lb. of steam per lb. of ammonia 
dissociated would be improved if some other means of dealing with the devil liquor 
were found. This noxious liquor has to be heated from a temperature of about 
50° C. to the maximum still temperature, 105° C., and as there are 18 gallons, or 
183-6 lb. per 15-55 lb. of ammonia, a simple calculation reveals that 1-2 lb, of steam 
per lb. of ammonia are used in this operation. 

Summarising the position : it may be stated that so far as the existing arrange- 
ment of sulphate of ammonia plant is concerned, an improvement in the steam con- 
sumption can be effected by taking greater advantage of the potential heat of the 
spent liquor, although where the ammonia distillation works is more or less self- 
contained, full use cannot be taken of the thermal units at disposal, on account of the 
disparity between the relative volumes of boiler feed water and spent liquor. 

^ Economy of steam can also be effected if a better method of dealing with the 
devil liquor than the distillation one is devised. 

A rational solution of the problem, however, undoubtedly lies in the adoption 
of a multiple effect system of distillation, but the arrangement of plant will need 
to contemplate considerations hitherto unthought of. Any improvement in the form 
of the plant foreshadowed will necessarily add to its complication, but it is not 
imagined that any one will be inclined to support simplicity and extravagance as 
contrasted with something a trifle more complex, but peculiarly economical. 


CHAPTEE X 


THE WOEKING AND CONTEOL OF CONTINUOUS AMMONIA STILLS 

Having- ensured, tliat tlie still is satisfactory in desipjn, and is calculated to fulfil its 
specific duties as regards (a) the quantity of liquor to be distilled, (b) the satisfactory 
elimination of the ammonia with (c) a minimum steam consumption, then it is 
necessary to give attention to the equipment of the distillation plant in the matter 
of : 

(1) Constant steam supply, 

(2) Constant liquor feed, and 

(3) Constant discharge. 

The vital importance of the latter factors will be obvious. 

Constant Steam Supply 

The pressure against which the steam has to work in the fixed still, where 
usually 90 per cent of the total steam is admitted, is the pressure of the com- 
bined liquor seals of the several 
trays, both free and fixed sections, 
in addition to the seal of the 
saturator if sulphate of ammonia 
is being manufactured, or of the 
receivers (if these have a sealed 
distribution pipe), in the case of 
liquor ammonia, or concentrated 
ammonia liquor manufacture. 

Further, with sulphate of ammonia 
manufacturing plant there is the 
pressure created by the resistance 
of the preheaters, coolers, and 
pipe lines. The total pressure will 
obviously vary with different plant, 
but usually does not exceed 3| lb. 
per square inch. 

As regards the steam admitted 
to the liming chamber ; the pressure 
against which this will have to work may be of the order of 5 to 6 lb. per square inch. 
It is clear, therefore, that some form of reducing valve must be used in order to reduce 
the pressure at which the steam boilers normally work, to one compatible with the 
requirements of the still. The Koss reducing valve (fig. Ill), as made by Bryan 
Donkin & Co., has proved very satisfactory in this respect. The steam at high 
pressure enters tangentially, and passes through the slotted holes of the cage, and 
the extent to which the spindle, which carries two inverted mushroom type valves, 

17 ] 



Fig. 111. — Reducing Valve. 
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is weighted, determines the size of the apertures through which the steam has to 
pass, and incidentally governs its pressure. Suitable drainage provision is made 
for any slight condensation arising. 




Constant Liquoe Feed 

This may consist of a balanced tank of the enclosed type, with suitable vent, 
or a Rotameter or a graduated sight feed arrangement, con- 
sisting of a globe, inside which is placed a pipe having a series 
of vertical stepped holes graduated to represent various rates 
of flow. Illustrations of two graduated sight feeds are given 
in figs. 112 and 113. 

An arrangement for ensuring a satisfactory and uniform 
feed in connection with large units of plant is shown in 
fig. 114. This arrangement provides for direct pumping of the 
liquor to the still, the rate of feed being governed by a cock, 
to which is fitted a graduated quadrant. As a means of 
maintaining the delivery of the liquor from the pump at a 
constant pressure, a connection is made from the delivery line 
to the suction, and inserted in this line is a spring type of 
by-pass valve as shown in fig. 115. The principle on which 
this valve works is this : the liquor floats the mushroom valve 
against the pressure of the spring, which can be adjusted. 

Constant Dtschaege 

This depends essentially on the maintenance of the two 
foregoing conditions. It has been found in practice that the 
setting of the outlet cock can be best adjusted by providing it 
with a graduated quadrant and pointer. Constant discharge 
float valves are provided by several firms, for answering the 
same purpose. 


Starting an Ammonia Distillation Plant 

In starting a new unit it will be assumed that the engineer- 
ing stafi has definitely ensured that the trays of the still are 
dead level, otherwise a'grave difficulty prejudicially affecting 
the efficiency and subsequent worldng of the plant has occurred. 

It is known that unsuspected mal-alignment of the elements 
of stills has been the cause of trouble in their operation ; the capacity of the plant 
being seriously affected, the waste liquor being high in ammonia content, and the 
steam and ammonia stream low in ammonia concentration, causing trouble in subse- 
quent parts of the plant. Fig. 116 represents a complete distillation unit, type “A.” 


Fig. 112. 
Rotametee. 
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{iSAOUATlONS CACCONS PER HOUR. 


Fig. 113 . — Wilton’s Guaduatjsd Gas Liqiioe' Feed Apparatus 
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Prior to the admission of steam to the still for heating purposes, it is important 
that all the trays should be sealed, as well as the steam pipe or jets in the liming 
ehamber and the fixed still. The heaters and coolers should also be filled with, gas 
hquor and water respectively, so as to prevent possible fracture of the pipes when 
the cold liquor is first introduced. Provision should be made for venting the air 
from the still. A suitable arrangement is to take a l|-inch wrought-iron pipe from 
the cast-iron pipe leading from the still to the saturator, or the dephlegmator in the 
case of liquor ammonia or concentrated ammonia liquor plants, and to provide this 
with a cock, allowing the discharged foul air to be emitted to the atmosphere. 

The practice of venting a still inside the still-house is a dangerous one, and 
should be discountenanced. 

The gradual admission of steam to the still is important, particularly with 

the types of distillation apparatus 
which consist of a series of double- 
flanged pieces which are heavy in 
character. Such stills must be 
cautiously heated, otherwise the 
irregularities of expansion will 
cause fracture. 

With a new still of tolerably 
large capacity, at least twelve hours 
should be allowed for raising the 
temperature to the requisite de- 
gree for the admission of the gas 
liquor. 

Thermometers should be pro- 
vided, preferably fixed in suitable 
oil pockets, on the liquor inlet to 
the preheaters and on the outlet to 
the still, and similarly thermometers should be fixed on the waste gas inlet to the 
coolers, and on the outlet. 

It is also desirable to arrange a centrally situated gauge board (see fig. 117), 
so that the boiler and reduced steam pressures, as also the pressure of the hquor 
being pumped to the stills and the resistance thrown by the passage of the waste 
gases through the heaters and coolers and subsequent pipe lines can be observed 
without difficulty by the operator of the plant. 

It is equally important that each of the stills of the A ” type, and the columns 
in the case of types “ B ” and “ C ” should be provided with an efficient spring safety 
'valve of a simple construction (see fig. 118), which can be easily adjusted and set to 
relieve at any predetermined pressure, and which can be finally sealed a Gainst 
interference. ^ 

The heating of a still after temporary stoppage need not occupy more than four 
iours. After tire top portion of tire still hns become warm, tie lock of tbe vent 
pipe can be closed, and tbe steam sent forward tbrougb tbe saturator (the cracker 



Eig. 115 . — Gas Liquor By-pass Valve. 



Fig. 116.— Dr. Carpenter’s Still (Sectional De.\av: 
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pipes in wMcli Lave been sealed with mother liquor), or to the dephlegmators, etc. 
in the case of liquor ammonia or concentrated ammonia liquor manufacture. It is 
important, in sulphate of ammonia manufacture, that the devil liquor outlet cocks 

should be opened immediately the 
heaters become warm, in order to 
allow of the automatic withdrawal of 
the condensation which must arise, 
due to the cooling influence of the 
gas liquor and water with which the 
heaters and coolers are filled. 

Prior to feeding the still with 
gas liquor it is wise to pump, or 
gravitate, milk or cream of lime to 
the still, so that by the time the gas 
liquor is introduced, there is a com- 
plement of boiling milk or cream of 
lime in the liming chamber. 

Reference to the drawing (fig. 
116 ) will show that steam must be 
admitted to S^ and that the liquor feed is at A^, that the lime feed is at L^, 
that the steam-ammonia, stream issues at V;^, that samples of the limed liquor can be 
drawn at LL, and that samples of effluent liquor can be drawn at EFi. 

The raising of the temperature of the apparatus to this point is usually done 
with the reducing valve full open, but immediately the liquor feed is commenced 
the reducing valve is brought into 
operation by removing one or more 
of the weights on the spindle. The 
next step is to direct attention to 
the passage of the limed liquor to 
the fixed still, the connecting pipe 
to which is usually provided with 
a cock (LL), so that samples can 
be drawn from time to time. As 
soon as the limed liquor enters the 
fixed still a further and final adjust- 
ment of the steam reducing valve 
and the steam inlet valves to the 
stills is necessary. 

Temperatures at the essential 
parts of the plant should be taken at regular intervals, and should be recorded. 
Equally, the liquor feed gauge board should be watched very carefully so as to 
make certain that a uniform feed is being obtained. Records of the liquor fed to 
the still should be made half-hourly. 

It is usual to connect a cast-iron pot XY to the fixed still, and to provide such 



Fig. 118 . — Safety Valve. 
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pot with two vertical pipes, one of wBicB. is carried almost to the foot of the pot 
and which is provided above the pot with a glass tube suitably connected to give an 
indication of the working level of the still, the other pipe being similarly equipped 
(but not provided with a glass tube) in order to serve as a safety-valve. 

One other point of importance as affectiug the operation of gas liquor stills has 
reference to the necessity for a uniform feed of devil liquor along with the gas liquor. 

Factors governing- Efeicienoy 

As is indicated in the introductory chapter, the primary factors contributing to 
efficiency are (a) comparatively high productive capacity, (b) maintenance of a satis- 
factory waste liquor, say, not exceeding 0-01 to 0-015 per cent NHg, and (c) .miuimum 
steam consumption per unit volume of liquor distilled. 

Comparatively High Productive Capacity 

This affects labour ; the higher the productive capacity the less the cost of labour. 
The rate of working depends on the design of the still, the composition of the liquor 
as regards free and fixed ammonia, and the efficiency of the liquor preheating 
arrangements. 

It will be seen from the thermal balance sheet furnished in the previous chapter 
that the plant on which the thermal determinations were made was operating very 
satisfactorily in this connection. 

Minimum Steam Consumption 

As is pointed out in the foregoing chapter, there is a larger volume of heat 



5team required !n lbs, to heat One Ton of Liquor to 700°C, 

Fig. 119 . — Graph showing Steam required to Heat Ammoniacal Liquor. 

available for preheating the liquor than can be taken advantage of. It is therefore 
regrettable to find many works throughout the country only partially preheating 

12 



178 THE DESIGN AND WOKKING OF AMMONIA STILLS 

their feed liquor, say, to 50° or 60° C. (not more). Fig. 119 serves as a striking 
commentary in sucli cases. For example, at a works only preheating its liquor 
to 60° C., it is seen that approximately an extra 135 lb. of steam are recpire per ton 
of liquor, as contrasted with a works preheating the liquor to 90 C. Moreo er, the 
dilution of the liquor is increased by at least 7| per cent, and this must influence the 
efficiency of the removal of the last traces of ammonia. 


Ideal Conditions 

Ideal conditions represent (a) the distillation of the maximum quantity of pre- 
heated liquor with (h) a minimum steam consumption on the fixed and tree stills, 
and (c) the liberation of all the CO, and H,S from the liquor prior to its reacMug the 
liming chamber, (d) The feed of cream of lime should be regular, and as strong as 
possible, and (e) the spent liquor should be practically denuded of ammonia (both 
fixed and free), and should not contain an undue excess of caustic lime, or have 
suffered undue dilution in its passage through the still. The_ importance of several 
of the above points has been urged in previous chapters, and it is therefore unneces- 
sary to labour their significance. 

The attainment of the ideal conditions outlined on the actual plant involves 
intelligent process workers, combined with efficient control. The latter may not 
always be available or possible, on small works. 

Tssts at various parts of tliB plant will soon r6V6al dBlinc^uonciGS, or otli0rwis6 
indicate that the plant is operating satisfactorily. It is desirable that the intei- 
pretation of any such tests should be correct, and well appreciated. Tests, after 
all, are useless except it is realised what they imply, and the necessary steps are 
taken not only to rectify any defects, but to prevent their recurrence. 


Control and Operation of the Still 

The importance of constant steam and preheated gas liquor supplies has already 
been urged. In addition to these, attention should be directed to maximum preheat- 
ing of the gas liquor, and the maintenance of a constant temperature. The strength 
and temperature of the cream of lime should also be carefully watched. Cold cream 
of lime unnecessarily chills the still, reducing the capacity. A familiar rattling noise 
in the liming chamber indicates an insufficiency of steam. Too much steam in the 
liming chamber is undesirable. A weak solution of lime obviously causes dilution, 
and must be obviated. 

■ The temperatures and pressures at various parts of the still should be recorded, 
as also any adjustments which are made. In this way, valuable data are amassed, 
which cannot be but serviceable in indicating the condition and cleanliness of the 
still, and its accessory parts. 

A continuous sample of the waste liquor (an apparatus for which is shown in 
fig. 120) should be taken, and a definite standard adhered to in this connection. 
Experience suggests that 0-015 per cent NH3 in the waste liquor is an economic 
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strengtli, as working below this limit simply resolves itself into the recovery of an 
exiguous amount of ammonia at the expense of labour in the operation of the plant, 
when manufacturing sulphate of ammonia. The devil liquor should be tested periodic- 
ally irom the points of view of its freedom or otherwise from ammonia and its volume. 

j r^erice o" ree ammonia only, indicates that ammonia is passing the saturators 
Wiien both tree and fixed ammonia are present in the devil liquor, then the in- 
ference to be drawn is that the tubes of the heaters are leaking, and this defect should 
be arrested at the very outset. An unduly large volume of devil liquor indicates a 
high consumption of steam in the distillation of the liquor, or otherwise the leakage 
of water in the coolers. 

Early indications are furnished of the fouling of the stills by the necessity for 
reducing the volume of steam being introduced thereto, and it will be found, other 
things being equal, that the effluent liquor gradually increases in point of ammonia 
content. If tar accidentally becomes mixed with the liquor, in order to prevent this 



Dir’actfon of Stream 
of Liquor. 

Fia. 120. — Sampling Device. 


adversely affecting the working of the still, the preheaters and pipe lines to the still 
should be discharged, such discharged liquor being returned to a tank for separation 
or other suitable treatment. 

Tests 

Hereunder will be found, in succinct form, the tests which should be applied to 
determine the efficiency of the working of the plant. 

(1) F7'ee A^nmonia in Effluent Liquor. — 100 c.c. of effluent liquor are distilled in 

the usual way into standard sulphuric acid, and the excess of acid titrated 
with standard caustic soda, using methyl-orange, as an indicator. 

(2) Fixed Ammonia in Effluent Liquor. — To the cooled residue from (1) there is 

added an excess of 10 per cent caustic soda solution, and the mixture 
distilled into an excess of standard acid, and titrated with standard caustic 
soda, as before. 

(3) Excess of Caustic Lime in Effluent Liquor. — 100 c.c. of a representative sample 

of well-mixed effluent liquor containing all the solid matter as it leaves the 
fixed still, are placed in an ammonia flask, and boiled until the free ammonia 
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Las Leen driven off, and to the cooled residue is added 20 c.c. of a 10 per cent 
sulpLate of ammonia solution. TLe mixture is then distilled into standard 
acid. An y free lime present liberates ammonia from the sulphate. After 
the distillation the acid is titrated with standard caustic soda. Each 1 c.c. 
N 

of - acid neutralised is equivalent to 0-028 gram of caustic lime (CaO) ; 

any excess of this material can be readily calculated. 

(4) COg in Liquor from Free Still. — Take 100 c.c. of a filtered sample, and transfer 
to a beaker ; add 10 c.c. of a 10 per cent CaCla solution, heat to boiling, 
and filter through a small paper. Wash with boiling water until the 
washings give no precipitate with silver nitrate (acidified with nitric acid). 
Transfer the filter paper to a beaker, and add excess of standard hydro- 
chloric acid, well stirring to dissolve all the CaCOg from the paper, then 
titrate with standard sodium carbonate, using methyl-orange, as an indi- 
cator, Each c.c. of acid neutralised by the precipitated CaCOg repre- 
sents 0-022 gram CO 2 per 100 c.c., which would require lime equivalent to 
0-028 gram, or about 0-28 lb* per 1000 gallons of liquor used. 

The results of all such tests as the above should be recorded in suitable form, 
along with data bearing upon (a) the free and fixed ammonia content of the 
ammoniacal liquor used, (b) the strength of the cream of lime used, (c) steam pressure, 
and (d) position of valves and readings of thermometers and pressure gauges, etc., 
when best conditions of working have been attained. 

With such data in one’s possession, adjustment of conditions to ensure the most 
ejSicient and economical working should not be very difficult. 

Inteepretation of Eesults 

Having secured the best working conditions, then it is only necessary to maintain 
the plant to this standard in all respects. It will be appreciated that ideal conditions 
caunot be maintained uninterruptedly, as occasional variations will arise, even in 
the best-regulated works. 

Eesults will vary, as is indicated below : 

(1) As regards free ammonia in the effluent liquor : 

(a) If the standard figure of 0-015 per cent is adhered to, the still has 

operated well, even though there may have been fluctuations in the 
steam and lime supplies. 

(b) Should a better figure than the standard one be secured, then there 

has been too much steam used. 

(c) If the standard is exceeded, there has been an inadequate supply of 

steam at S^, or otherwise an irregular supply of cream of lime. 

(2) As regards fixed ammonia in the effluent liquor : 

(a) If the standard figure has been reached, this implies efficient working. 
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(6) If the standard figure has not been reached, there has been an 
insufficient supply of cream of lime. 

(3) As regards COg content in the effluent liquor leaving the free still : 

(a) If the standard figure has been reached, this denotes good working. 

(&) If the standard figure has been exceeded, there has been an inadequate 
supply of steam to the free section of the still. 

If these points are carefully watched, and daily records are kept and plotted, 
and brought prominently to the notice of all concerned, efficient and economical 
working should be the inevitable outcome. 


Seal Pots 

To prevent the escape of steam, etc. from the foot of the fixed still or fixed 



segment (the last chamber of which should be provided with a gauge glass so that the 
depth of the liquor can easily be seen by the operator), it is necessary to provide some 
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suitable seal pot, or equivalent arrangement, in .order to ensure tLat the steam 
admitted to the fixed still will proceed through the several chambers, and not by-pass 




Fig. 122. — Seal Pots ( b ). 


the apparatus. There are several kinds of seal pots, as is shown in figs. 121, 122, 
and 123. Some seal pots usually take the form of a double-fianged pipe with blank 


^ 1 \ 

/ 



Fig. 123. — Seal Pots (c). 


plates top and bottom. The waste liquor pipe is provided with a regulating cock 
immediately on the outlet from the fixed still, and this pipe is led in some cases to 
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the foot of the seal pot, which is provided with an outlet near the top ; or the waste 
liquor pipe is fixed inside the seal pot, discharging the waste liquor near the foot ; 
the outlet from the pot being near the top. The former type is placed on the ground 



Fig. 124. — Adjustable Seal Arrangement (Gas Liquor Stills). 


level ; the latter type is sunk into the ground. It is preferable that a vent pipe 
should be provided in connection with the seal pot, so as to prevent steam “ locks.” 
An adjustable type of sealing device is shown in fig. 124. 
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Devil Liquor Storage Tank 

In the case of snlpliate of ammonia plants where the waste gases from the 
saturator are passed to the gas liquor preheaters and coolers, the condensed vapours 
resulting from the cooling influence of the ammoniacal liquor and water are known 
as devil liquor,” by reason of the evil-smelling and noxious character of the latter. It 
is important that proper steps should be taken in a well-organised works for the col- 
lection and treatment of this liquor. The liquor is run to a sectional plated cast-iron 
tank, suitably lagged, which will allow of five to six hours’ accumulation. Opinions 
vary as to the best method of treatment. At many works the devil liquor is pumped 
along with the gas liquor, and the mixed liquors are distilled. The only disadvantage 
is that expense is entailed in the matter of steam, and many of the impurities of the 
gas liquor which are arrested with the devil liquor, such as pyridine, creosote oil, 
naphthalene, etc., are again returned to the saturator. Obviously, for the produc- 
tion of white salt, it is essential that these impurities should be disposed of in another 
way, and not recirculated to the saturator. 

Moreover, it must be remembered that the distillation of devil liquor represents 
approximately a 20 per cent reduction of the capacity of the still, which is another 
important consideration. 

In the cases of concentrated ammonia liquor and liquor ammonia plants, the 
vapours are usually condensed in a scrubber which is provided for arresting the small 
percentage of ammonia which accompanies the TlgS, COg, and other vapours leaving 
the dissociator. 

Stopping the Still 

In the case of stills attached to a sulpha, te of ammonia plant, it is necessary to 
remove the salt from the saturator, and to work down the charge therein as low as 
possible, subsequently adding a quantity of acid, before taking the necessary steps 
to render this piece of apparatus inactive. 

Having discontinued the liquor supply to the still, it is advisable to maintain 
the feed of cream of lime for about fifteen minutes. The steam supply should be 
continued for about half an hour after the liquor feed has ceased. In this way it is 
possible to ensure the removal of the last traces of ammonia from the gas liquor 
remaining in the still. Prior to turning of the steam, the vent in the still outlet 
pipe should be opened, so as to obviate any syphoning of the contents of the saturator 
into the still or pipe lines, due to the cooling of the still. In the cases of concentrated 
ammonia liquor, or liquor ammonia plants, all the latter instructions apply except 
those having reference to the sulphate saturator. 

Blockages and Cleaning : Practical Notes 

It has already been indicated that early indications of the fouling of the stills 
will reveal themselves. 

If the liquor contains tar, even the merest traces, it will be appreciated that 
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ligLt liydrocarbons will be distilled ofi, and pitch will remain and collect under the 
overflows. ^ Eventually these will become completely obstructed, thus causing the 
ammonia liquor to descend through the gas liquor pipes. 

Tar and sedimentary matter are the only obstacles likely to affect the working 
of the top section of the free still. The seal or dip pipes conveying the fixed ammonia 
to the bottom of the liming chamber are in many cases too large in diameter. 
Obviously, a reasonable velocity is required to prevent the accumulation of lime 
salts around the foot of the pipe, with the possibility of blockage. The periodical 
flushing-out of the liming chambers, say, every twelve hours, or every day, is an 
advantage. The arrangement shown in fig. 106 answers satisfactorily. At some 
works the drain cock on the liming chamber is opened once every day to flush-out 
any sediment which may have deposited. The defect in this arrangement is the 
possibility of the drain cock becoming obstructed. It will be found that the fore- 
going arrangement of flushing the liming chamber has much to recommend it. 

The progressive increase of ammonia content in the waste liquor when all other 
governing factors are normal, and the frequent rising of the liquor to the top of the 
gauge glass of the liming chamber, are unmistakable signs of the accumulation of 
lime deposits in the fixed section. Cleaning is necessary if the efficiency of the still 
is to be regained. Even where manholes are provided on a still with separate fixed 
ammonia column, it is generally the quickest and surest way to dismantle the 
sections. Should the fixed ammonia section and liming chamber frequently become 
blocked, it can safely be inferred that the decarbonation of the liquor in the free 
section is not satisfactory. The tests already indicated should at an early period 
disclose these imperfections. It is imperative that the formation of calcium 
carbonate should be avoided if frequent cleaning is to be obviated. Occasionally 
dirty milk of lime may cause trouble of the latter order. 

brass are readily attacked by ammonia. The steam valves used 
in connection with an ammonia still should be of the all-iron type, as also should 
the gauges and cocks, etc. 

It is advisable to have the stills insured against accident in the same way as 
steam boilers. This ensures an independent examination by a boiler inspector, and 
the report of such inspector cannot be but helpful. Explosions in connection with 
ammonia stills are not unknown. 

Assuming an obstruction has been located, and the exigencies of the plant 
demand an immediate stoppage of the still for cleaning, it is scarcely necessary to 
issue a caution against opening a hot still, not only on account of the ammoniacal 
vapours, but by reason of the possibilities of scalding. If circumstances demand 
the immediate opening up of a still, then the best procedure is to cool down with 
tepid water at first, and finally cold water afterwards, a supply of which should 
always be coupled direct to the stills. 


CHAPTER XI 


I 
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THE WORKING AND CONTROL OF CONCENTRATED GAS LIQUOR 

STILLS AND PLANT 

For several years now many small works have been faced with a real difficulty in 
the matter of the disposal of their production of gas liquor. The market value of 
the liquor has been so low that railway carriage has more than absorbed the revenue 
derived from its sale. In some cases it has been decided to run the liquor into the 
sewers, etc., rather than rail it to the chemical works. 

In several of these cases grave risks have been run in discharging the liquor to 
the sewers. The question of nuisance or pollution has often arisen. 

Financial Considerations 

In order to assist gas managers of small works to a decision in this matter, a 
hypothetical case will be considered, where a small gas works carbonising 2600 tons 
of coal per annum, and producing 100,000 gallons of gas liquor of 8-oz. strength 
(1‘73 per cent ammonia content) per annum, has hitherto been selling its liquor 
to a chemical works situated about 50 miles away. 

Under the old railway rates classification, gas liquor in owner’s tank wagons, 
8-ton lots, was conveyed as Class A traffic. The latter rates vary with different 
companies, and, in some special cases, different sections of the line are the subject 
of special rates. 

In general, the railway rate can be calculated in the following manner. It will 
be assumed that the tank wagon conveying the liquor is run on the Southern Rail- 
way (South-Eastern & Chatham Section). 

Basis op Rate 

Class A traffic, first 20 miles, l-6d. per ton ; next 30 miles, 0-95d. per ton ; 
terminals, either end, 3d. per ton. 


Table 41 

s. d. 

20 miles at l-5d. . . . . . . . .26 

30 miles at 0-95d. . . . . . . . .2 4^ 

Terminals, one end only . ' . . . . . .03 


5 11 

100 per cent advance, owing to circumstances arising out of 

the war, plus 6d., with a maximum of 4s. Od. . . .40 


Railway rate, per ton . . 9 1-| 
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Assuming the gas liquor is to be used in the manufacture of ammonium sulphate, 
and viewing the matter from the chemical works point of view, it is reasonable 
to take the nett selling price (March 1924) for sulphate of ammonia, 25 ’5 per 
cent, at £14 per ton. The total costs of manufacture, plus profit, may be taken as 
£8 per ton, irrespective of the cost of the gas liquor. Thus, a sum of £6 is available 
for .appropriation in respect of the liquor used in the manufacture of one ton of 
sulphate of ammonia. It will be seen from Table 11 in Chapter III. that 14-74 
tons of liquor are required per ton of sulphate of ammonia made, basing on a 100 per 
cent conversion efficiency. Taking a 95 per cent efficiency as a reasonable figure, 
14-74 X 100 

= 15-51 tons of gas liquor are required in the manufacture of one ton of 


sulphate of ammonia, 25-5 per cent NHg. 

120s 

The chemical manufacturer, therefore, can afford to pay = approxi- 

15-51 tons 

mately 7s. 7|d. per ton of gas liquor, on the assumption that 'the gas works is re- 
sponsible for the carriage of the liquor. It will be seen that the loss to the gas works 
represents Is. 5|d. per ton of gas liquor. It is clear that it would be better for 
the gas works to run the liquor to the sewer, if this is permissible, rather than rail it. 

In many cases this is not permissible, and hence the question of the economics 
of the production of concentrated gas liquor have to be carefully considered. 

The questions to be answered are (a) what will it cost to produce concentrated 
gas liquor of 16 per cent NHg content, and (6) what saving will be efiected in railway 
carriage ? 

Pursuing the hypothetical case in question : A plant to produce 2 tons of 
concentrated gas liquor per twenty-four hours should not cost more than £650 
complete. 

The approximate cost of manufacture, basing on concentrated gas liquor of 
15 per cent NHg content, will be as shown in Table 42. 

Examination of the figures reveals that the saving to be effected in the matter 
of railway carriage over and above the costs of concentration represents 

13s. lOd., or (say) =ls. 6-ld. per ton. 

’ ^ -^^9-13 tons 

Therefore, instead of incurring a loss of Is. 5fd. per ton of gas liquor in sending 
the liquor to the chemical works in question, if concentrated gas liquor is produced, 
a pecuniary saving of 2s. ll-85d. per ton of gas liquor results. 

Having indicated a general basis for calculation, it will be an easy matter for 
any one interested to substitute figures to cover their own particular case and special 
circumstances. 


: approxi- 


WOEKINQ AND CONTROL OP PlANT 


As will be seen from fig. 125, the arrangement of plant for the concentration of 
gas liquor consists essentially of a still, preheater, condenser, and linring apparatus. 
Prior to starting the plant it is necessary to seal with water the trays of the free 
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Table 42 

Per ton. 

Steam for pumping and distillation (assuming full heat con- 
servation), say, 20 per cent on the gas liquor distilled : 

9T3 tons gas liquor : L826 tons steam @ 5s. per ton for the 
steam . . • • • • • • • . 0 9 

Labour — ^three men per day @ 12s. each = 36s. for two tons .0180 

£65 

Interest on Capital and Depreciation, 10 per cent on £650 = 15 9 

*51 -4 tons 

Contingent Expenses . . . . . . . .050 

Lime . . • • • • • • ■ • .026 

Cost of producing 1 ton of concentrated gas liquor — 15. per 
, centNHg £3 0 4|- 

Coming to question (6) : 

Instead of being involved in carriage on 9 -13 tons at 9s. l-|d, 

representing . . . . . . . . .£4 3 4 

Only one ton of concentrated liquor is required to be conveyed, 

representing . . . . . . . . . 0 9 L| 

Saving effected . . . . £3 14 2|- 

* 100,000 gallons = approximately 446 tons x 1*73 per cent NH 3 = 7'715 tons ammonia. 

9'13 tons gas liquor, based on 95 per cent conversion = 1 ton of concentrated gas liquor, or 1'50 
ton ammonia. 

Therefore, 7'715 tons of ammonia -q- O' 15 ton = *51’4 tons of concentrated gas liquor (15 per 
cent NH 3 ) will be produced per year. 
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portion of the still and the conical bottom of the fixed still. The preheater should 
also he filled with water. 

The valve X giving access to the vapours of the condenser should be closed and 
vent Y opened for the discharge of any steam or vapour resulting. 

Steam should be admitted to the still at a, a, and the heating process should 
proceed slowly at the start so as to prevent any fracture of the cast-iron sections of 
the free still. 

After the temperature has been raised to 50° C., as indicated by the thermometer 
N, the steam can be increased, and as soon as the temperature of the water at O' 
reaches 90° C., then valve X should be opened and the vent cock Y closed. Mean- 
while the gas liquor and cream of lime feeds should be started. 

When the still operator has ensured that the feeds of gas liquor, cream of hme, 
and steam are regular, the next step is to give attention to the strength of the con- 
centrated gas liquor being produced, samples of which can readily be drawn from, 
the sampling cock P shown. The ammonia content of the concentrated gas liquor 
is a function of the strength of the ammoniacal liquor fed to the still and the steam 
consumption. 

It is inexpedient to exceed 15 per cent of ammonia in the condensate, otherwise 
trouble may arise by reason of the crystallisation of ammonium bicarbonate and/or 
ammonium carbamate. If the condensate exceeds 15' per cent of ammonia, then this, 
can be suitably diluted. 

Having regard to the vapour pressure of concentrated gas liquor of 15 per cent 
ammonia content, care should be taken to run the condensate into the storage tank 
through a pipe leading to within a few inches of the bottom. In this way agitation 
is avoided. The vented air should also be scrubbed through a suitably packed small 
scrubber maintained at all times with a wetted surface. This is necessary to obviate 
loss of gaseous ammonia. 

After the operator has adjusted the conditions of the plant so as to ensure a. 
condensate not exceeding 15 per cent of ammonia, then it is necessary to collect 
at Q samples of the liquor entering the fixed still, as also of the spent liquor leaving 
the still at R. These samples should be submitted to test. 

Given efficient working, there should be practically no free ammonia or carbonate 
in the former sample. If the percentage of free ammonia exceeds (say) OdO and 
carbonate is also present, then the feed of liquor should be checked or otherwise the 
steam increased. The sample drawn at R should be tested for caustic lime and 
ammonia. If caustic lime is absent, then it is necessary to increase the lime 
feed slightly in excess of the equivalent of the fixed ammonia which the spent 
liquor contains. 

If caustic lime is present and the spent liquor contains more than 0-.015 per cent 
of ammonia, then the quantity of liquor should be reduced slightly. 

It is important to work with a safety valve fixed on the steam supply to the still, 
so that in the event of a blockage in any portion of the condensing system or pipes 
connected with it a suitable emergency relief is afforded. It should be pointed out- 
that in the cooler portions of the plant, viz. the water condenser and' pipes leading, 
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to the storage boiler, it is wise to have a |-in. steam pipe fixed so that the tempera- 
ture can be raised at will in the event of crystallisation being suspected. 

Stopping the Plant 

The first step is to shut off the feed of ammoniacal liquor to the still. The pump- 
ing of the cream of lime to the still should be continued for about fifteen minutes 
after the discontinuance of the supply of liquor. 

The steam should be maintained on both the free and fixed sections of the still 
for half an hour after the liquor supply has been shut off. In this way the removal 
of the last traces of ammonia is ensured. 

Immediately prior to shutting off the steam from the still, vent cock Y should 
be opened, in order to obviate the syphoning of the concentrated gas liquor from 
the receiver, which would otherwise occur by reason of the cooling of the still. 

At many plants where the design of the still may cause anxiety through 
blockages due to accumulation of lime sludge it is usual to pump water through the 
still for flushing and cleansing purposes. 

Capacity op Plant 

The capacity of the plant shown is approximately 6000 gallons of liquor per 
twenty-four hours. 

Working Results 

Working results of a plant similar in character to that illustrated in fig. 125, as 
given by D. D. Barnum {Journal of Gas Lighting, vol. 89, p. 841), are given below : 

6100 gallons of liquor with 2-60 per cent ammonia, w/v, containing 40 per 

cent fixed ammonia were distilled, giving the undermentioned results : 

(a) The lime used (293 lb.) =143 gallons of cream of lime. ' 

(&) The steam used (20 lb. per square inch pressure at the still) = 13,056 lb., or 
10-39 lb. per lb. of ammonia. 

The original 6100 gallons of liquor (2-50 per cent ammonia) yielded 856 gallons 

of 15-29 per cent w/v concentrated gas liquor. 

Examination op Results 

An examination of the above results shows that the gas liquor contained 1525 
lb. of ammonia, and that the concentrated gas liquor produced contained 1307 lb. 
of ammonia, representing a loss of 218 lb., or 14-2 per cent. This certainly does not 
indicate efiicient working. It is the author’s experience that with satisfactory 
control a 97 per cent working efiiciency is possible. 

The principal loss in the above case would appear to have arisen from an in- 
adequate use of lime, but the figures from one or two points of view will not bear a 
too rigid scrutiny. 

Turning to the data living reference to the use of steam, a figure of 10-39 lb. 
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is given per lb. of ammonia, with gas liquor of 2-5 per cent NHg. Basing on calcula- 
tions similar to those referred to in Chapter VI., the following figures are arrived at : 


Table 43 



B.Th.U. 

Steam. 

Percentage. 

1 lb. of ammonia requires for dissociation 

2044 

lb. 

2-12 

14-18 

To heat 40 lb. of liquor from 70° to 220° F. 

6000 

6-28 

42-01 

To heat 1-98 lb.* of water with the lime . 

300 

0-31 

2-07 

Heat radiated in one minute 

620 

0-70 

4-68 

Lb. of water in concentrated gas liquor . 


5-54 

37-06 

Total steam required per lb. of ammonia 


14-95 

100-00 


* Only 293 lb. of lime wore used in relation to 1307 lb. of ammonia recovered. The above is 
based on a 10 per cent solution of milk of lime. 


Barnum’s figure, if correct, is very satisfactory. It will be appreciated from 
what has already been said that the figure given representing the amount of heat 
required in the dissociation of 1 lb. of ammonia from gas liquor of varying ammonia 
concentrations is somewhat doubtful. Full reference has been made to this aspect 
in Chapter VI. 



Fig. 126 represents a concentrated gas liquor plant, as erected at the Paisley 
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Corporation Gas Works, wkicli was described by A. S. Nisbet in a paper lie read to 
tke North. British. Association of Gas Managers on September 6, 1923. Th.e con- 
centrated gas liquor plant, as is seen, consists of (a) preheater, (6) still of the ordinary 
type, (c) condensing worm, disposed in a water tank, (d) measuring tank, (e) storage 
tank, and (f) air compressor. The still is so arranged that it can either produce 
concentrated gas liquor, or the steam-ammonia stream can be sent to a saturator 
for the production of sulphate of ammonia. The still is capable of dealing with 
sufficient gas liquor to produce four tons of sulphate of ammonia per day. It can 
therefore be assumed from existing practice that the plant will produce six tons of 
concentrated gas liquor of 16 per cent NHg content per day. The preheater, which 
consists of alternate gas and liquor sections, made of cast-iron, has occasioned trouble. 
This is attributed to the action of hydrocyanic acid creating leaks in the tubes, with 
a consequent rapid weakening of the strong liquor. A multitubular heater-cooler 
of the type shown in fig. 126 is not to be recommended, as there is likely to be 
a diagonal travel of the gases, and certain of the tubes— particularly on the side 
where the cold gas liquor enters — are likely to remain at a low temperature, and 
thus aid corrosion. It is the author’s experience that if a reasonable temperature 
can be maintained, the tubes of a heater-cooler are not likely to suffer from the 
action of hydrocyanic acid. A multiple fliow cast-iron heater-cooler would certainly 
be preferable. It is said that the manipulation of the plant is peculiarly simple 
and affords reasonable flexibility. The operation can be discontinued or recom- 
menced very readily ; twenty minutes’ preliminary steaming is said to be sufficient 
to prepare everything ready for use. A similar period of steaming enables the plant 
to be shut down. 

The fixed ammonia content of the Paisley liquor constitutes a small proportion 
of the whole, and its extraction does not warrant the expense on lime and labour 
which would be necessary if the fixed ammonia had to be released. 


Special Method op Working 

In certain districts of Great Britain it is evident that gas works will be compelled 
to consider the adoption of a special type of concentrated gas liquor plant, in order 
to obviate the creation of any spent liquor where the disposal of such is forbidden. 
The best method of procedure in such cases is to refrain from using milk of lime, 
and merely to dissociate the volatile ammonia, producing from it concentrated gas 
liquor. The spent liquor which still contains the fixed ammonia, after treatment in 
the way outlined later, is cooled and recirculated, preferably in the hydraulic main 
at the outset, and subsequently in the washers and scrubbers for the accumulation 
of further quantities of ammonia. This modus operandi, so far as the solution 
containing the fixed ammonia is concerned, can be pursued several times until the 
quantity of fixed ammonia is such as to warrant its despatch to the sulphate of 
ammonia or other such works where the concentrated gas liquor is treated. 

It will be appreciated that from such works two qualities of liquor will arise : 
one which may be regarded as partially concentrated gas liquor, containing, say, 
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about 10 per cent of ammonia, and the otber containing concentrated fixed ammonia 
of about 4 to 6 per cent ammonia content. 

How far concentration can proceed depends on the amount of virgin liquor 
arising, on the extent to which water is used in the washers and scrubbers, and on 
the type of distillation plant adopted. Usually 10 to 15 gallons of virgin liquor are 
recovered per ton of coal carbonised. 

At many works, 10 oz. (2-13 per cent NHg) liquor is aimed at. At such works 
the average yield of gas liquor per ton of coal carbonised is 30 gallons. 

If concentration of the gas liquor is to be efiected in the manner outlined, it can 
only be undertaken in a boiler type of still, worked intermittently, in which the 
waste heat from the retort settings is used. The reason for the adoption of this type 
of plant is to regulate the water balance, so as to permit of working with a view to 
the avoidance of any effiiient spent liquor. 


Watee Balance, in Relation to the Special Type op Plant, 
AND Method op Woeking- 

The following statement sets out the position as regards the water balance : 


Liquor produced at the Hydraulic 
Main and Condenaers. 


Liquor produced at the Washers 
and Scrubbers. 


10-16 gallons, 16-20 gallons, 

say, average of 12 gallons. say, average of 18 gallons. 

Total quantity of gas liquor =30 gallons of 10 oz. 

i 

Liquor (2-13 per cent ammonia). 

Disposition. 

I 


Concentrated ammonia liquor produced, 
having 10 per cent ammonia content. 
Based on 96 per cent efficiency of re- 
covery is as follows : 

Approximately 5|- gallons, =6-07 Ih. of 
ammonia and 64-63 lb. of water, or 
6-463 gallons. 


Effluent spent liquor, assuming no dilu- 
tion and no evaporation of water 
beyond that contained m the concen- 
trated ammonia liquor (10 per cent 
‘ ammonia content) = 

24-537 gallons. 


It is evident from the above. that if the proposed method of working is to be 
applicable, it will be necessary to evaporate something of the order of 6-5 gallons 
of water for each ton of coal carbonised. This can be easily and inexpensively 
effected if the waste gases from the retort settings are used in the type of plant 
recommended. 

After ammonia liquor of the required concentration has been produced, it will 
be necessary to continue the application of heat, but the condenser would be used 

13 
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merely to condense the steam evaporated from the spent liquor containing the 
fixed ammonia. What is involved is this : the condenser would be provided with 
two outlets— one leading to the concentrated ammonia liquor storage boiler, and the 
other leading to the sewer. As soon as the volatile ammonia has been expelled from 
the liquor, then the outlet cock leading to the storage boiler would be shut, and the 
cock giving access to the sewer would be opened. Distillation would continue until 
the requisite quantity of water to admit of maintenance of the correct water balance 

had been removed. , . i ^ 

It is certain that it would be profitable to adopt such an arrangement of plant 
and method of working at many of the gas works which are at present confronted 
with difficulties in the matter of the disposal of the effluent liquor, owing to stringent 
action on the part of County Councils and River Boards. 


CHAPTER XII 


COXCEXTRATED AMMONIA LIQUOR AND LIQUOR AMMONIA 

The qualities of concentrated gas- liquor, concentrated ammonia liquor, and liquor 
ammonia constitute a subject wbicb should be dealt with briefly at this juncture. 

Concentrated gas liquor is, as its name implies, an impure ammoniacal liquor ; 
indeed, one containing most of the hydrogen sulphide and carbonic acid and other 
volatile impurities of the original liquor, with about 16 per cent of ammonia. It is 
unwise to exceed the latter strength, owing to the large amount of carbonate present, 
which at higher strengths crystallises out (as has been explained in the previous 
chapter), dislocating the operation of the plant through blockages. In short, con- 
centrated gas liquor is largely a solution of the sulphides and carbonates of ammonium. 

Concentrated ammonia liquor consists for the most part of caustic ammonia. 
The usual specification to which the liquor has to conform is 25 per cent of ammonia, 
with not more than 0-5 per cent of hydrogen sulphide. When used in the manu- 
facture of ammonium nitrate it is important that the total amount of cyanogen, 
calculated as ammonium thiocyanate, should not exceed O-Ol grm. per 100 c.c. 

Colman and Yoeman, who had occasion during the war to examine a large 
number of samples of concentrated ammonia liquor from different plants in various 
parts of the country, have given some interesting figures having reference to the 
quality of this product {vide Journal of the Society of Chemical Industry, vol. 37, 
p. 319T, December 31, 1918). The information which they afford is so valuable 
that it^is proposed to quote a certain portion of their contribution in extenso. They 
say : “ Apart from the cyanogen compounds, the impurities found in appreciable 
quantity consist of the following : 

(1) Hydrogen Sulphide. It is usually specified that the amount of this impurity 
shall not exceed 0-5 per cent, and in the majority of samples examined the quantity 
varies from this figure down to nil. A minority, however, contain much higher 
amounts, rising m one instance to 3-1 per cent, evidently owing to insufficient elimina- 
tion of the hydrogen sulphide in the preheating process. 

“ (2) Carbonic Acid.^ln many cases this is entirely absent, and is usually only 
present in small quantities, but in some instances up to 11 per cent of COg was found. 
Such high amounts are always accompanied by excessive amounts of hydrogen 
sulphide, and are due to inadequate treatment of the crude liquor in the preheater. 
Eor most purposes the presence of carbonic acid in moderate amount is not in itself 
objectionable, but when it is present in considerable quantity the amount of other 
impurities is always high. 

_ “ (3) Phenols.— llhQ samples always contain phenols, derived from those present 

m the crude liquor, which are partly volatilised with the steam in distillation No 
systematic determination of the amount has been made, but in a few samples tested 
the quantity varied from 0-11 to 0-37 grm. per 100 c.c., averaging 0-23 grm. 

‘ (4) Pyndine. Pyridine bases are always present, the amount found in a few 
samples varying from 0-21 to 0-32 grm. per 100 c.c., averaging 0-26 grm. 
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“ (S'! Ammonium Thiosulphate, — TLe freshlj prepared liquor is probably free from 
this impurity, wMcb is formed secondarily by oxidation of tbe ammonium sulphides. 
The analytical methods tend to give results which are slightly too ^igh, but the 
figures obtained from about fifty samples of different origin mdmate that the 
aLunt varies from 0-08 to O-SS grm. (NLUS.Oa per 100 c.c., no higher figure than 
the last having been obtained. These samples were, however, all tested within a few 
davs of their manufacture, and the amount probably increases steadily when the 
liquor is stored with access of air, owing to the further oxidation of ammoniuin 
sulphides. At the same time, we are not aware that any complaint has been made of 
any prejudicial effect due to the presence of considerable quantities of ammonium 

thiosulphate in the liquor. 


“Cyanogen Compounds 

“ The especial point on which information was desired was the nature and amount 
of the cyanogen compounds present in samples of concentrated ammonia from 
different plants, these having been found of considerable disadvantage in the manu- 
facture of ammonium nitrate, for which purpose it was desired that the total amount 
of cyanogen, calculated as ammonium thiocyanate, should not exceed 0-01 grm. 

per 100 c.c. 

“ In the liquor as first produced, the only cyanogen compound present appears 
to be ammonium cyanide, formed by the action of the hydrocyanic acid almost always 
aiven off with the ammonia from the crude liquor during distillation. In presence 
of ammonium sulphide, however, this ammonium cyanide rapidly undergoes further 
changes ; as soon as the oxygen of the air gets access to the liquor, oxidation of the 
ammonium sulphides takes place, with formation especially of ammonium thiosul- 
phate and polysulphides, the latter at once reacting with ammonium cyanide, forming 
the thiocyanate. Further, the ammo.nium cyanide solution produced acts on any 
iron (especially steel or wrought iron) with which it may come in contact, whether 
in the manufacturing plant or in the containing vessels, forming ammonium ferro- 
cyanide. Hence, the liquor samples may contain ammonium cyanide, ferrocyanide, 
and thiocyanate, though the tendency is for the cyanide to disappear rapiclly , owing 
to conversion into the other two forms, and in many cases ferrocyanide is absent, 
the only recognisable cyanogen compound being the thiocyanate. 

“ There is, however, a further source of thiocyanate other than the hydrocyanic 
acid evolved with the ammonia in the distillation, for it was found that, on standing, 
the total cyanogen content, in all forms of the liquor, undergoes a material increase. 
This is shown in the following series of tests made on the same sample of liquor 
after the lapse of different periods, the fresh sample being almost free from cyanogen 
derivatives ; 


CONCENTKATED AMMONIA LIQUOE AND LIQUOR AMMONIA 197 


“ Table 44 


EresMy prepared product 
After standing 3 days 


11 

17 

24 

31 


Total HON, calculated as lSrH4CNS. 


0-0054 grm. per 100 c.c. 


0-0061 „ 
0-0167 „ 

0-0175 „ 

0-0228 „ 
0-0304 „ 

0-0304 „ 


“ TEe cause of this increase was found to be the small quantity of carbon bisulphide 
usually present in the distillation gases from the still, and formed from the ammonium 
thiocarbonate always present in the crude liquor, this being absorbed in the concen- 
trated liquor with the reformation of ammonium thiocarbonate. The latter, on 
standing, undergoes slow change, forming, among other products, ammonium thio- 
cyanate. This change is shown by the following series of tests, in which a solution 
was made up of 100 parts of pure 25 per cent ammonia, 0-5 per cent of hydrogen 
sulphide, and 0- 1 per cent of carbon bisulphide. If the whole of this carbon bisulphide 
were converted into ammonium thiocyanate, the amount of the latter in solution 
would amount to 0- 1 per cent. Shortly after the preparation of the solution it was 
found that about one-fifth of the carbon bisulphide had already been converted into 
thiocyanate, and on standing the amount increased, until after about twenty days 
the thiocyanate remained constant, one-third of the carbon bisulphide having then 
been converted into thiocyanate : 


“ Table 45 


Fresh solution . 
After standing 3 days 

? J 

55 

55 
55 
55 
55 


NH4CNS. 

0-0198 grm. per 100 c.c. 
0-0228 „ 

0-0258 „ 

0-0304 „ 

0-0314 „ 

0-0334 ,, ,, 

0-0334 „ 

0-0334 grm. per 100 c.c.” 


6 

10 

13 

20 

27 

40 


As coke oven liquor contains larger amounts of ammonium cyanide than that of 
gas works, it is invariably found that the concentrated ammonia liquor produced at 
coke ovens contains a sensibly higher amount of cyanogen derivatives than that of 
gas works. Apart from objections to cyanides in the finished liquor, difficulty results 
by reason of the corrosive effect on iron, more especially wrought iron and steel. 
Many cases are known where the steel tubes of dephlegmators and condensers have 
developed serious leakages after a few weeks’ operation, due to the action of cyanides. 
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Concentrated ammonia liquor of the above quality lias for many years been 
manufactured in considerable quantity as an intermediate product in the manufacture 
of sodium carbonate by the ammonia-soda process. 

Liquor ammonia is a much purer form of concentrated ammonia liquor. It 
should be colourless, even after exposure to light for some time. It should be clear 
and free from sulphides as revealed by lead acetate paper, and practically free from 
empyreumatic matter. The ammonia content varies between 25 and 30 per cent. 


Plant involving the Use oe Limed Liquor 

In pre-war times the process in vogue at many chemical works for the produc- 
tion of concentrated ammonia liquor was one which involved the initial admixture 
of such a quantity of milk or cream of lime with the gas liquor to be distilled, as 
to arrest efiectively the whole of the hydrogen sulphide and carbon dioxide which 
otherwise would be released in the distillation process. 

Specially designed stills were employed, so as to obviate blockage in the trays 
constituting the still, due to the formation of calcium carbonate and calcium sulphide. 

The ammonia discharged along with the steam from the still in this type of 
plant was practically free from HgS and COg. All that was necessary, therefore, 
was to employ a suitably designed dephlegmator of adequate size, so as to cool the 
gases to a temperature at which a dry, or approximately dry, ammonia gas was 
obtained, and to absorb the ammonia in purified town’s water. The absorbers were 
generally arranged in the form of a cascade — ^three vessels being used. The water 
entered the higher vessel, and gravitated from vessel to vessel until the requisite 
strength of ammonia was obtained in the first, or lowest, vessel of the series. 

These absorbers were arranged with water-cooling coils, so as to admit of efficient 
absorption of ammonia, by efiectively dissipating the heat of formation of ammonium 
hydrate. The dephlegmator was usually so placed in relation to the still as to allow 
of the reflux liquor gravitating to the latter apparatus through a suitably sealed pipe. 

It was particularly with this type of plant, an illustration of which is shown in 
fig. 127, that many ammonia distillers were familiar thirty years ago. 

The “ colonne inobstruable,” to which reference has been made in Chapter VI., 
was found to be especially adapted to the use of limed liquor in the production of 
concentrated ammonia liquor and liquor ammonia. Subsequently, the principle of 
desulphurisation and decarbonation of gas liquor, which had been known for some 
time, and which had been used at a few gas works in the United Kingdom in the 
process of liquid purification, was resorted to. 

Observations concerning the development of the latter process will be made in 
Chapter XVI. 

It is, however, important that consideration should be given at once to the 
underlying principles involved in the desulphurisation and decarbonation of gas 
liquor by heat, to the design of dissociators, and to the advantages of the heat 
application method as contrasted with the removal of hydrogen sulphide and 
carbonic anhydride by liming. 



^ The Underlying Principles of the Desulphurisation and Decarbonation 

< OP Gas Liquor by Heat 

The original process of C. Hills (B.P. 5874, of 1884) takes advantage of the 
I ■ properties of carbonate and sulphide of ammonium. The ammonia, hydrogen 

I sulphide, and carbon dioxide present in gas liquor are in chemical combination, and 

■ ’ as such, the individual tensions of the latter compounds are invariably less than 

( when they exist in the free state. The application of heat to about 80° C. results 

in partial disunion, and the three gases cited then largely exist in solution not as 

« carbonate, sulphide, and hydro sulphide, but (in conformity to Henry’s law) as free 

j , gases soluble in water under equal conditions. 

i The solubility of ammonia in water in like condition is appreciably greater than 

I H 2 S and COg. Hence, the latter acid gases are dispersed, while the ammonia is 

j,' held in solution. As, however, the less soluble gases are evolved at a temperature 

at which water has a comparatively high vapour pressure, a considerable volume 
of water vapour is removed, together with a small volume of ammonia in solution. 

The author’s belief is that the inventors of the process for the desulphurisation 
' . and decarbonation of ammoniacal liquor by the application of heat via steam, made 

j a rather extravagant claim for their process. The temperature at which Hills worked 

was about 80° C. Lunge, in his book on Goal Tar and Ammonia, states that if gas 
liquor is heated by steam to a temperature a little below boiling-point the whole 
of the HgS and COg is expelled with little loss of ammonia, 
j The author’s experience suggests that these statements are not strictly correct, 
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and need qualification. The faulty design of many concentrated ammonia liquor 
plants installed during the War was in part attributable to an imperfect conception 
of what was involved. 


Desigf op the Dissooiatoe 

Extended practical experience reveals that extreme care must be taken in the 
design of the dissociator and the other apparatus working in conjunction with it. 
The author has demonstrated that only a small range of temperature exists between 
the dissociation point of carbonate and sulphide of ammonium, and the boiling- 
point of water {vide Parrish, Journal of the Society of Chemical Industry, vol. 37, 
p. 232T). It is seen from the table below that water under a pressure of 2-5 in. 
mercury above atmospheric pressure boils at 260-3° E., or under a pressure of 4-7 in. 
mercury gauge above atmosphere boils at 219-6° E. 


Table 46 


Total Pressure per 
sq^. in., measured 
from a Vacuum 
(Absolute Pressure). 

Pressure above 
Atmosphere. 

Sensible Tempera- 
ture in Degrees 
Fahrenheit. 

Pressure in ins. 
Mercury Gauge 
above 

Atmosphere. 

lb. 

lb. 



14-7 

0-0 

212-0 

0-0 

15-0 

0-3 

213-1 

0-6 

15-5 

0-8 

215-7 

1-6 

16-0 

1-3 

216-3 

2-5 

16-5 

1-8 

217-9 

3-6 

17-0 

2-3 

219-6 

4-7 

17-5 

2-8 

221-0 

5-8 

18-0 

3-3 

224-4 

6-9 


Similarly, the author’s practical experience of the operation of large concen- 
trated ammonia liquor plants leads to the view that if the boiling-point of gas liquor 
represented by the absolute pressure is attained, desulphurisation and decarbonation 
wiU be practically complete, and the resulting caustic ammonia produced will, 
when concentrated by dephlegmation, give a product of a quality which will fulfil 
the usual standard specification. 

The attainment of the boiling-point under the conditions indicated is more 
difficult than would appear at first sight, and necessitates a special type of dissociator. 

It should be remarked that dissociators can be worked at a few lb. pressure 
per square inch, or at 20 to 50 lb. pressure per square inch. Herein lies a funda- 
mental difference which will be enlarged upon shortly. 
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Direct and Indirect Steam 

If tlie dissociator is designed to work at comparatively low pressures, then the 
question of the relative advantages and disadvantages of direct and indirect steam 
as a heating media need to be considered. A quantity of direct steam as a carrier 
is undoubtedly essential, but if more effective dissociation of the ammonium com- 
pounds of the gas liquor is desired, the use of a relatively higher percentage of indirect 
steam is a desideratum. 

Direct steam increases the volume of the vapour with which the dissociator has 
to deal, and generally speaking, with the usual types of plant with which the country 
was familiar during the War, the temperature of the liquor can only be increased at 
the expense of pressure. Thus one reaches a point at which one condition (increase 
of pressure) more than nullifies the other (increase of temperature). On the other 
hand, indirect steam is more likely to promote an increase of temperature without 
proportionately increasing the pressure, and hence, more effective dissociation is 
attained. 

This leads to the .view that in the design of the trays of a dissociator the surface 
area for the ascent of the gases, and the space for the descent of the liquor in the 
succeeding trays, starting from the top, should progressively increase in proportion 
to the computed volume of gases, etc., existing at each tray. 

As experience of this section of the plant clearly discloses, the liquor on the lower 
tray is often out of pressure equilibrium with the liquor on the tray above, with the 
result that the liquor on the upper tray is prevented from flowing through the over- 
flow arrangement provided. Accordingly, the liquor accumulates in the second tray, 
immersing the hoods, frogs, or bubblers (whatever device for the distribution of the 
gases is arranged), and there is a sort of battle royal between the pressure of the gases 
and the accumulation of liquor. Occasionally the liquor will accumulate to such a 
height in the dissociator as to overcome the gaseous pressure, and the dislocation 
will adjust itself. More often than not, however, the direct steam has to be reduced, 
or shut off, to allow of a reduction of pressure, and the establishment of pressure 
equilibrium when the liquor will again commence to flow. 

At these times of derangement, when there is an unequable or erratic flow of 
liquor, inefflcient dissociation of the ammonium compounds arises. 

Dissociator Equipment — Steam Coils 

Steel coils are not to be recommended, as they are attacked by the cyanide 
compounds of the gas liquor, as has already been remarked at an earlier part of this 
chapter. Lead coils are not so susceptible to chemical action, but they are likely 
to burst. Cast-iron cods are undoubtedly to be recommended, as they can be made to 
withstand the steam pressure, and are immune from chemical action. 

Julius Pintsch, Aktien-Gesellschaft, of Berlin, provides for a dissociator in 
German Patent No. 178030, which contemplates the use of steel coils, but judging 
from the drawing, the gas spaces are not proportioned to meet the varying volumes 
of gases to be dealt with. Fig. 128 represents a sectional elevation of the dissociator, 



Fig. 128. — Piutsch Still. 


Fig. 130. — Pintsoh Still. 

tlie iieat is applied, it will be seen tliat tlie steam enters at D, and leaves tlie worm 
in the form of condensed water at E. 

Eig. 130 shows a horizontal section through the absorption segment of the still. 
The gas liquor to be desulphurised and decarbonated is fed to the still at A, and the 
waste gases leave at C. 
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A Complete Plant for the Manufacture of Concentrated Ammonia 
Liquor with Low Pressure Dissociator 

Eig. 131 shows a complete arrangement of plant for the manufacture of "concen- 
trated ammonia liquor, which was in operation during the War. The dissociator is 
of the Brunner, Mond type, worked at a comparatively low pressure, and, as will be 
seen from the illustration, consists of four heating trays, each containing 15 inches 
of liquor, and one cooling tray, in connection with which water can be used through 
the coil provided. 


Effluent Gases 



The application of heat is by indirect steam through the separate coils of the 
four heating trays, and direct steam to the bottom tray. A plant similar to the one 
shown was in operation at one of the coke ovens in the Midlands, and was the subject 
of comment in a Presidential Address by John W, Lee {vide Gas WoHd, Coking 
Section, December 1, 1917). 

The plant was designed to deal with thirty to thirty-five thousand gallons of gas 
liquor per day, containing from 1 -0 to 1 '2 per cent of ammonia. 

The liquor is fed to the top tray of the dissociator by gravity from an overhead 
tank, and is maintained at a constant level. The temperatures to which the liquor 
is subjected on the several heating trays and the respective contents of ammonia 
(free and fixed), carbon dioxide and hydrogen sulphide, are also furnished, and merit 
consideration. The tests in question are subjoined. 
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Liquor to Decomposer. 

Table 47 
Test No. 1 


Steam pressure on main . . . 140 lb. 

Steam pressure on decomposer . . OJ lb. 

Direct steam on tray No. 5. 



Temp. 

°C. 

Ammonia. 

CO 2 . 

HaS. 

Free. 

Fixed. 

Total. 

Eeed .... 

40 

0-976 

0-238 

1-214 

0-973 

0-126 

No. 1 tray 

39 

0-976 

0-236 

1-212 

0-946 

0-120 

M 2 „ . . 

47 

1-059 

0-204 

1-263 

0-940 

0-116 

5? 3 „ 

80 

1-051 

0-197 

1-248 

0-529 

0-102 

^ 22 

941 

0-964 

0-190 

1-154 

0-526 

0-095 

1 5 „ 

100 

0-953 

0-186 

1-139 

0-132 

0-068 


Gas from decomposer to foul main free from NHg. “ Lime liquor ” from lime 
vessel to stills contained 14-60 per cent NHg. “ Eun back ” from tbe first condenser 
contained 3-40 per cent NHg, 0-48 per cent HgS, and 0-46 per cent COg. The waste 
liquors from tbe stills contained : No. 1 still, 0-0170 per cent NHg ; No. 2 still, 
0-0019 per cent NHg ; No. 3 stiU, 0-0281 per cent NHg. Concentrated liquor con- 
tained 25-16 per cent NHg and 0-58 per cent HgS. 


Table 48 
Test No. 2 

Steam pressure on main . . . 130 lb. 

Steam pressure on decomposer . . S-g- lb. 

Direct steam on tray No. 5. 



Temp. 

°C. 

Ammonia. 

COa. 

HaS. 

Free. 

Fixed. 

Total. 

Eeed .... 


0-976 

0-146 

1-122 

1-320 

0-143 

No. 1 tray 

43 

0-978 

0-146 

1-124 

1-300 

0-139 

„ 2 „ . . 

46 

1-013 

0-133 

1-146 

0-647 

0-129 

,, 3 „ 

68 

1-286 

0-127 

1-413 

0-500 

0-119 

I 35 

93 

1-309 

0-196 

1-505 

0-110 

0-119 

„ 5 „ 

991 

0-836 

0-167 

1-003 

0-107 

0-045 
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Gas from decomposer to foul main free from NII3, The waste liq^uors from 
stills contained : No. 1 still, 0-0022 per cent NHg ; No. 2 stdl, 0-0087 per cent NH 3 
No. 3 still, 0-0298 per cent. Concentrated liquor contained 24-47 per cent NH3,. 
and 0-44 per cent HgS. 

Table 49 


Test No. S 

Steam pressure on main . . • HO lb. 

Steam pressure on decomposer . . 10| lb. 

No direct steam on No. 5 tray. 


Feed . . 

No. 1 tray 
„ 2 „ 

J5 ^ J> 

4 

33 53 


Temp. 

°0. 

Ammonia. 

CO 2 . 

H^S. 

Free. 

Fixed. 

Total. 

40i 

39 

1-058 

0-258 

1-316 

0-996 

0-158 

1-058 

0-258 

1-316 

0-946 

0-152 

43 

1-027 

0-248 

1-275 

0-646 

0-102 

64 

1-115 

0-250 

1-365 

0-529 

0-100 

90| 

1-197 

0-268 

1-365 

0-506 

0-096 

98 

1-296 

0-286 

1-682 

0-168 

0-090 


Gas from decomposer to foul main free from NHg. The waste liquors from the- 
stiUs contained : No. 1 still, 0-010 per cent NHg ; No. 2 stUl, 0-0029 per cent NH 3 ; 
No. 3 still, 0-0204 per cent NHg. Concentrated liquor contained 25-34 per cent NHg, 

and 0-40 per cent HgS. • , . .-l x 

The figures are self-explanatory, and need no comment, except to point out tJiat. 

it is impossible to produce a concentrated liquor with a sulphuretted hydrogen 
content of 0-5 per cent, on this type of plant, without liming. 

It is interesting now to examine these analyses. Take Test No. Assuming 
no attempt had been made to remove the HgS from the gas liquor, the quantity of 
this impurity in the final liquor, containing 25-16 per cent NHg, would be : 

X 0-126 =2-61 per cent HgS. 

1-214 

Examine now the distribution of this impurity as a result of the working of the- 


plant : 

Table 50 


By 


Per cent 
H^S. 

calculation one finds that 1-108 is removed by the dissociator 

0-922 is removed by the lime purifier 
0-580 remains in the final liquor 

5 ; J3 55 

2-610 


Per cent 
Efficiency.. 

42-1 

35-3 

22-2 


99-6. 
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Take Test No 3, wkick reveals slightly better working. Again assuming no 
attempt had been made to purify the resultant concentrated ammonia liquor from 
HgS, the final 25-34 per cent of ammonia would contain 3-04 per cent of HaS. 


Table 51 

' Per cent Per cent 

H^S. Efficiency. 

By calculation one finds that 1*60 is removed by the dissociator . 52-6 

1-04 is removed by the lime purifier . 34-2 

0-40 remains in the final liquor . . 13-1 

35 *5 

3-04 99-9 


It is seen from the above calculations that the efificiency of the dissociator is 
respectively 42-10 per cent and 52-60 per cent, or, in other words, assuming there 
was no lime purifier, the concentrated ammonia liquor in the respective cases (those 
where the ammonia content is 25-16 per cent and 25-34 per cent) would contain 
1-502 per cent and 1-44 per cent of HgS. 

It should be remarked at this juncture that the caustic liquor from the dissociator 
enters the ammonia still, and the steam and ammonia stream emerging therefrom 
enters the dephlegmator. The refl.ux from the dephlegmator returns to the still, 
entering the second section from the top. The ammonia gas, etc., enter the liming 
vessel, bubbling through a seal of milk of lime, as shown. After liming, the ammonia 
gas, etc., pass to the condenser, thence to the absorber, and to the storage tank. 
The milk of lime, after use in the liming vessel, brings with it a certain quantity of 
ammonia, and enters the top section of the fixed still. 

There are two or three undesirable features in this arrangement of plant to which 
attention should be directed. 

It wiU be realised that the dissociator is incapable of giving a caustic liquor 
sufficiently free from HgS to produce a final liquor complying with the specification 
so far as hydrogen sulphide content is concerned. Hence it is necessary to resort 
to washing the gas with milk of lime so as to fix a further portion of the HgS, and 
incidentally, an additional quantity of COa- A sensible quantity of ammonia will 
inevitably be absorbed by the limed liquor, and as the latter is led to the fixed still 
for treatment, extra work is imposed on this section of the ammonia distillation 
plant. It will therefore be appreciated that the effluent liquor will suffer, because 
it Will be impossible to reduce the ammonia content to the usual limit otherwise 
obtaining. Moreover, additional steam is required to release again the ammonia 
fed to the fixed section via the limed liquor. 

All these points emphasise the need for a well-designed and efficient dissociator, 
if the use of undue quantities of steam is to be avoided, and loss of ammonia via the 
effluent liquor is to be averted. 

It is the author’s belief that improvement can only come by the adoption of 
dissociators working under greater pressure than 2 to 5 lb. above atmospheric. 
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High Pressure Dissociators 

The underlying advantage of 
high pressure dissociators is one 
which was disclosed by the late 
William Young, of Peebles, who 
took out a patent in 1885 for 
“ Improvements in the Preparation 
of Caustic Ammonia.” A debt of 
gratitude is due to Young for having 
indicated the direction in which 
development should proceed. Young 
was cognisant of the fact that at 
atmospheric pressure the range of 
temperature between the boiling- 
point of water and the dissociation- 
point of carbonate and sulphide of 
ammonium was very small. In 
addition, he appreciated that if dis- 
sociation is conducted under con- 
siderable pressure, 20 to 50 lb. in 
excess of atmospheric, a greater 
quantity of caustic ammonia can be 
held in solution by the water, while 
the dissociation of carbonate and 
sulphide of ammonium is not 
materially affected. 

Herein lies the basic principle of 
a method which is calculated to give 
tolerably pure caustic ammonia. 

The process of desulphurisation 
and decarbonation by heat at high 
pressure has been in operation at one 
or two works in this country, and 
has been found to give eminently 
satisfactory results. Fig. 132 shows 
a diagrammatic representation of the 
plant named, which embraces (a) a 
dissociator, (b) receivers in the form 
of boilers for the absorption of the 
ammonia associated with theHgS and 
COg, etc., released as gas liquor, (c) a 
finishing still to which the caustic 
liquor is fed by gravity and the 



Fig. 132. — ^Liquor Amsionia Plant with High Presshre Dissociator. 
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gases emerging from tLe top of wLicli are passed to (d) two tubular single flow 
dephlegmators and (e) a condenser, and (/) special receivers are used for tbe absorp- 
tion of tbe pure, dry ammonia in tbe case of liquor ammonia manufacture, or when 
concentrated ammonia liquor is desired, tbe temperature at tbe outlet of tbe depbleg- 
mator is controlled in sucb a way as to admit of sufiicient water vapour passing along 
with tbe ammonia to give tbe required strength of tbe product, 

Tbe outlet from tbe dissociator consists of a 2 in. main provided witb a cock. 



By its operation, it wiU be realised that tbe predetermined pressure at wbicb it is 
proposed to work tbe dissociator can be attained. 

It is important witb any sucb plant, where there is a tendency for blockage to 
occur due to tbe crystallisation of ammonium bicarbonate, that an efficient type of 
safety valve of adequate size should be provided on tbe steam pipe to tbe dissociator. 
It is futile to place tbe safety valve on tbe top of tbe dissociator, as owing to the 
possible crystallisation of ammonium bicarbonate it will be impossible for tbe safety 
valve to function properly. 



Fig. 134. Liquor Ammonia Plant showing Coil Preheater. 
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TLe dissociator is placed at a Mglier level than the finishing still. In this way, 
due to the pressure under which the dissociator is worked, it is possible to discharge 
the caustic ammonia leaving the dissociator to the finishing still without having 
recourse to pumping. This is a distinct advantage, as loss of ammonia, which in- 
variably arises at the pump glands when hot caustic liquor has to be pumped, is 
obviated. 

A further improvement in the form of a high-pressure dissociator was introduced 
by W. Wyld about fourteen years ago (B.P. 25716, 1910). Eig. 133 shows this type 
of dissociator, which provides for spraying the liquor into a void chamber, which is 
worked at a pressure of 25 lb. per square inch above atmospheric, by the operation 
of a cock or valve in the waste gas outlet pipe. The gas liquor is usually preheated 
by interchange heat, and is then pumped through a series of 2-in. coils, which are 
heated by the products of combustion from a coke fire to a temperature of 260° E . 
Hot liquor is sprayed through two or three Korting’s sprays having 14-mm. orifices. 
Due to the fine atomisation and by reason of the relative solubilities at the high 
temperature prevailing, the hydrogen sulphide and carbon dioxide are released, and 
a tolerably pure caustic ammonia is condensed and can be run by the inherent 
pressure of the dissociator to the finishing still. 

A complete plant for the manufacture of concentrated ammonia liquor or 
liquor ammonia, embracing a coil preheater and spray dissociator, is shown in fig. 134. 
This arrangement of plant is intended to reduce the steam consumption to a minimum, 
not only by taking advantage of the potential heat of the effluent spent liquor and 
part of the heat of the steam-ammonia stream leaving the finishing stiU, but also by 
the maintenance of a temperature in the dephlegmator slightly below the dew- 
point, so as to reduce the amount of ammonia returned to the finishing stfil via the 
reflux liquor, to a minimum. 

This is an all-important point if the steam consumption is to be kept at a low 
figure. 

Other Types op Dissociators 

Rene Fabry, in his patent (No. 317, 1914), appears to have directed his attention 
to the economy of steam in the production of ammonia liquor. In general, the 
dissociator consists of four distinct main parts, either joined direct or connected to 
each other by suitable piping. Eig. 135 represents this type of apparatus. 

The four principal parts are (a) the dephlegmator or scrubber, (b) the dis- 
sociator, (c) the superheater, and (d) the preheater. The operation of the plant is 
as follows ; The bulk of the crude liquor is fed into the bottom of the preheater. It 
ascends the tubes in counter-current flow to the caustic liquor, which descends on 
the outside of the tubes. On reaching the void tower chamber at the top of the 
preheater, the liquor (which, by this time, is practically at boiling-point) meets that 
portion of the crude liquor which has been fed to the top of the dephlegmator, or 
absorber. The supply of cold liquor to the dephlegmator is regulated, so as to 
maintain a sufficiently low temperature to ensure the re-absorption of the ammonia 
which is associated with the HgS and COg. The whole volume of hot liquor flows 
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into the dissociator at the top, and passes downwards through the several bubbling 

devices, in which it is subjected to the heat 
and movement of the steam and gases gener- 
ated in the superheater. The steam admitted 
to the superheater passes around the tubes 
through which the liquor travels on its way 
to the preheater. Cooling of the dissociated 
liquor is effected by the heat interchange 
which takes place in the preheater. 

A feature of this apparatus is that in- 
direct steam is used, and that the separation 
of the several functions of the plant admits of 
better control. 

Fig. 136 shows the elements of a dis- 
sociator which has been found to operate 
very satisfactorily. The underlying idea is 
to secure maximum travel of the liquor, and 
to provide a fairly large area for the ascent 
of the gases. Such provision is eminently 
desirable, and is calculated to avoid an 
erratic flow of liquor due to an absence of equilibrium, to which attention has already 
been directed. 

Initial Liming of the Gas Liquoe f. Desulphueisation and 
Deoaebonation by the Application oe Heat 

Where the contents of hydrogen sulphide and carbon dioxide are large — say, of 
the order of 0-4 per cent and 2 per cent respectively, based on gas liquor containing 
1-73 per cent NHg — it will be realised that an appreciable quantity of additional 
lime has to be used, if the impurities are to be fixed in this way. Moreover, if block- 
ages of the still, by reason of calcium carbonate, are to be obviated, it is necessary 
to adopt a rotary still of the Mallet type, or otherwise to design the elements in such 
a way as to avoid blockage. It will also be appreciated that where the practice of 
liming is followed hydrogen sulphide is lost, whereas in desulphurisation and 
decarbonation of gas liquor by the application of steam, sulphuretted hydrogen is 
available for use in the manufacture of sulphuric acid, or can be recovered as Claus 
sulphur, or as a cruder form of sulphur in spent oxide. 

The introduction of the additional lime, even as cream of lime, for the fixation 
of the impurities named, represents a fairly appreciable dilution of the liquor, and 
obviously involves the use of an increased quantity of steam. Moreover, with a 
continuously driven rotary still, there is the consumption of extra steam or power 
for driving. 

In the production of caustic ammonia from gas liquor by the application of 
direct steam in a low pressure dissociator, it is certain that a sensible amount of 



Fig. 136 . 

Elements oe Dbsulphueising Still. 
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dilution takes place, ranging from 15 to 25 per cent. Additional apparatus is also 
involved as contrasted with that required when the HgS and COg are fixed by means 
of milk of lime. 

On the whole, the author would recommend the adoption of a high-pressure 
type of dissociator, rather than the fixation of the hydrogen sulphide and carbonic 
anhydride by milk or cream of lime. 


WOEKING AND CONTEOL OF CONCENTEATED AmMONIA LiQUOE, AND LiQUOE 

Ammonia Stills and Plant 

Nothing aids intelligent working and judicious control of any chemical plant 
more than a correct appreciation of the underlying principles involved. If one can 
clearly visualise what is occurring in the various parts of the plant, and what is 
required, then given the necessary diligence, good results can be expected. 

Before proceeding to indicate the several points to be observed in the working 
and control of plants for the manufacture of the two products in question, it is pro- 
posed to furnish some data which, it is hoped, will be helpful in enabling one to 
envisage these operations in a way which perhaps has not been possible before. 

The following diagram, fig. 137, shows the ammonia concentration in the gas 



Percentage NH3 In Cats Stream. 

Fig. 137. — Graph showing NHg Concentration in Gas Stream with varying Contents op NHg 

IN Feed Liquor. 


stream with varying contents of ammonia in the feed liquor. This graph represents 
determinations made on an experimental plant, whereas those given in Chapter IV. 
are arrived at as the result of large scale operations. 

Basing on the ammonia concentration in the gas stream peculiar to a given 
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strength, of gas liquor, computations have been made showing the British Thermal 
Units, lb. of steam, and relative percentages involved for a particular strength of 
gas liquor. 

With the aid of the above data and knowledge of the conditions obtaining 
in the production of concentrated ammonia liquor, fig. 138 has been prepared. 
Proceeding in a similar way, but in this case representing the conditions known to 
exist in the manufacture of liquor ammonia, where a dry ammonia gas is produced, 
fig. 139 has been prepared. 

Eig. 138 enables one to follow the disposition of the ammonia and water 



Fig. 138. — ^Disposition op Ammonia and Water in Concentrated Ammonia Liquor Manufacture. 


entering the dissociator as hot gas liquor, and leaving this apparatus for the finishing 
still as caustic ammonia ; also, the quantity of ammonia, hydrogen sulphide, and 
carbon dioxide passed from the dissociator as waste gases after these have been 
washed with 10 per cent of cold gas liquor, which introduces a further quantity of 
ammonia and water, etc. 

The caustic ammonia passes to the finishing still, and after a time equilibrium 
is attained, and a closed cycle of conditions is established. It is seen that the 
concentration of ammonia in the feed liquor to the finishing still is raised from 
1-86 per cent to 2T1 per cent. This is due to the introduction of the reflux liquor 
from the dephlegmator to the still. An ammonia content in the gas liquor of 2T1 
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per cent is equivalent to an ammonia concentration in tlie steam-ammonia stream 
of 14 per cent. 

From this it will be seen that with the quantity of gas liquor undergoing treat- 
ment 1105 lb. of water and 180 lb. of ammonia are passing to the dephlegmator. 
As 25 per cent concentrated ammonia liquor is equivalent to a ratio of 540 lb. of 
water : 180 lb. of ammonia, it is clear that 565 lb. of water must be returned to the 
finishing stiU as reflux liquor. 

This water, of course, cannot return without bringing along with it a certain 



Fig. 139. — Disposition op Ammonia and Water in Liquor Ammonia Manufacture. 


quantity of ammonia. What that quantity of ammonia will be depends on the 
design of the dephlegmator and its operation. 

By slow and regulated cooling, and by maintaining the temperature of the 
steam-ammonia stream slightly below its dew-point, it is possible to aid the separa- 
tion of the ammonia from the water. If the foregoing conditions are not observed, 
an unnecessary amount of work will be imposed on the finishing still, and the con- 
sumption of steam will be sensibly increased. This is a significant matter, and too 
much attention cannot be directed to this aspect, alike when designing the dephleg- 
mator portion of the plant as in controlling its working. 

It is not necessary to discuss the figures shown in fig. 139, as they are largely 
self-explanatory. 
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It will be appreciated that the figures given in the diagrams in question do not 
contemplate the application of steam either to the dissociator or to the finishing still. 
In the case of the dissociator there is no need for the application of steam, as the gas 
liquor has been raised to a boiling temperature coinciding with a pressure of 25 lb. 
per square inch above atmospheric. So far as the finishing still is concerned, the 
ultimate dilution of the liquor emerging from it is not under consideration. In any 
case, this dilution will be analogous to that prevailing in the distillation of gas liquor 
for sulphate manufacture. 

The following figures are significant as representing the extra work imposed upon 
the ammonia still when producing sulphate of ammonia, concentrated ammonia 
liquor, and liquor ammonia : 

Table 53 


Operation op a Still with an Identical Strength op Gas Liquor under 
Sulphate op Ammonia, Concentrated Ammonia Liquor, and Liquor 
Ammonia Conditions 



Lb. of 

Ammonia dealt 
with per hour. 

Lb. of Water dealt with per 
hour, irrespective of Dilution 
caused by the Introduction 
of Steam and Milk of Lime 
to the Still. 

Under sulphate conditions .... 

200 

9,500 

Under concentrated ammonia liquor con- 



ditions ....... 

236 

10,065 

Under liquor ammonia conditions (dry 



gaseous ammonia) .... 

265 

10,520 


Where a still originally intended for use in conjunction with a sulphate of 
ammonia plant is utilised with other apparatus for the production of concentrated 
ammonia liquor, it is a wise procedure to reduce the quantity of liquor to be dealt 
with in the still by (say) about 15 per cent. 

The important points to be observed in the working of a concentrated ammonia 
liquor plant may now be briefly indicated. 

So far as the working and control are concerned, the plant for the manufacture of 
concentrated ammonia liquor may be broadly divided into two parts — one producing 
caustic ammonia, and the other the finishing still, with the dephlegmators and 
condensers, etc. It is highly important that a tolerably pure caustic ammonia 
should be produced if the quality of the final liquor is to be satisfactory. To produce 
a tolerably pure caustic ammonia, it is a distinct advantage to have a continuous 
record of the temperature and pressure conditions under which the dissociator is 
worked. This is equally applicable whether the dissociator is of the high or low 
pressure type. If the dissociator is of the latter type, the liquor emerging from the 
final tray should have a temperature corresponding to the boiling-point of water at 
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tLe particular pressure obtaining in the bottom section, otherwise the content of 
hydrogen sulphide in the final liquor will be above the standard. 

Quite apart from the maintenance of a specific temperature and pressure in 
the bottom section of the dissociator, it is necessary to ensure a regular feed of liquor. 
This usually depends on the speed of the pumps and the pressure at which the liquor 
is discharged. It is an advantage to have a by-pass pipe between the delivery and 
suction side of the pump, on which is fixed a spring relief valve in cast iron, set at a 
predetermined pressure. When this pressure is exceeded, the liquor passes through 
the delivery to the suction side of the pump. By adopting this method, irrespective 
of the maintenance of a definite pressure, uniformity of feed can be ensured. Where 
the liquor has to be discharged through jets or sprays, it is important to ensure that 
the pressure does not exceed a certain limit. Increase of pressure may mean that 
the spray is choked. 

A uniform feed of cold liquor to the dissociator for arresting any ammonia carried 
away with the waste gases is a matter to which frequent attention should be given. 
It is also necessary to use a quantity of steam to carry the waste gases to the crude 
receivers, or absorbers, so as to prevent sublimation occurring in the pipes. 

Samples of gas liquor leaving the dissociator should be drawn continuously 
and tested at frequent intervals. The results of these tests will give confirmatory 
evidence of the satisfactory operation or otherwise of the dissociator. As regards 
the finishing still, etc., it will be realised that it is important to have a uniform feed 
of caustic ammonia from the dissociator to this apparatus. Equally, the feed of 
cream or milk of lime for the release of the fixed ammonia must be regular. Constancy 
of steam supply is equally essential. Given the latter conditions, the operation of 
the finishing still will be identical to what has been indicated in Chapter X. when 
dealing with the working and control of continuous ammonia, stills. 

Apart from the still, the operator will need to give attention to the working of 
the dephlegmators, condensers, and receivers. Assuming that the plant has been 
efficiently designed, and the precautions already outlined concerning the necessity 
for slow and regulated cooling of the steam-ammonia stream are observed, it will be 
found that the maintenance of a specific temperature at the outlet of the final 
dephlegmator (supposing two are used) will ensure the passage of such a quantity 
of water vapour with the ammonia as will lead to the production of the requisite 
strength of concentrated ammonia liquor. 

Pressure gauges, in the form of U -tubes, filled with mercury and provided with 
a scale, should be fixed at certain points of the system between the finishing still and 
the final absorbers. The pressures at these various points should be taken regularly, 
and recorded. It is not unusual to find, due to the rapid combination or absorption 
of the ammonia in water in the receivers, that a vacuum is created, which may be 
troublesome if provision is not made for dealing with it. 

At some works a vacuum breaker is fixed to each receiver. At other works a 
vacuum breaker is fixed to the connecting pipe between the dephlegmators and the 
condensers. In any case, the same purpose is served, namely, the introduction of 
air to satisfy the temporarily created vacuum. 
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Eig. 140 sliows a suitable type of vacuum breaker made in cast iron, wbiob bas 
been found to answer satisfactorily in practice. 

Constant attention should be given to the character of the discharged air from 
the receivers — whether crude or pure. When it is found that ammonia is escaping 
from the small scrubber fixed to the receivers, then steps should be taken to spray 
them with cold water. All receivers should be arranged in such a way as to admit 
of cooling when necessary. 

Samples of the final liquor must be taken at regular intervals and tested, and 
the results recorded along with the other data indicated. 

What applies to the working and control of plant when manufacturing con- 
centrated ammonia liquor equally applies when liquor ammonia is being made. 

The difference between these two operations is one essentially confined to the 
working of the dephlegmators and receivers. When requiring concentrated ammonia 
liquor, such a temperature is maintained in the outlet pipe from the dephlegmators 



as will ensure water vapour and ammonia in such a ratio as will yield, after condensa- 
tion, a product containing 25 per cent of ammonia. 'Where liquor ammonia is required, 
then a dry ammonia gas is necessary. This entails a greater volume of condensate 
as reflux from the dephlegmators to the finishing still. Instead of working the outlet 
pipe from the dephlegmators at (say) 88° to 90° C., it is necessary to work at a tempera- 
ture of 20° to 25° C. The dry ammonia gas resulting may need to be freed from 
empyreumatic matter by passage through activated charcoal or anthracene oil, etc., 
etc., and subsequently will need to be absorbed in water in suitable receivers arranged 
to operate in series. 

The work imposed on the finishing still under the respective conditions has already 
been enlarged upon, and it will be realised how important it is to devote strict attention 
to the e£3.uent spent liquor, continuous samples of which must be drawn at regular 
intervals. 

During the War it was found that large quantities of concentrated ammonia 
liquor did not satisfy the requirements of the manufacturers of ammonium nitrate, 
by reason of the amount of cyanogen, calculated as ammonium thiocyanate, exceeding 
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0-01 grm. per 100 c.c. Where a tolerably pure caustic ammonia is produced there 
should be little difficulty in conforming to the buyer’s specification as regards cyanogen 
compounds. It is, however, of interest to state that the deficiency of the operation 
of the dissociator can be rectified by the use of powdered sulphur fed to the gas liquor 
undergoing dissociation. The addition of powdered sulphur is based on the fact 
that polysulphides are formed with sulphides of ammonium and the added sulphur. 
The ammonium polysulphide so formed reacts with hydrogen cyanide, producing 
thiocyanate. The quantity of powdered sulphur required is of the order of to 1 lb. 
per ton of concentrated ammonia liquor — 25 per cent NHg — dependent on the 
content of volatile cyanides in the liquor. The passage of the steam-ammonia 
stream emerging from the finishing still through a steam jacketed purifier containing 
spent oxide has been used by the author with satisfactory results. The volatile 
cyanides were arrested as thiocyanates prior to the condensation of the steam and 
ammonia as concentrated ammonia liquor. 

Chemical Conteol Tests 

It is not proposed to indicate other than works control tests in this connection. 
For more accurate work, reference should be made to the methods of analysis furnished 
by Linder (Alkali Inspector’s Report — see Technical Index to Reports, 1894-1917), 
and Colman and Yoeman {Journal of the Society of Chemical Industry, vol. 37, Dec. 
31, 1918). 

The Estimation of HgS in Concentrated Ammonia Liquor : Principle of Method 

The solution is titrated with N/10 ZnCl until a drop of the liquid, filtered on to 
a spot of lead acetate solution as an indicator, on a white tile, just ceases to give a 
brown colour. 

N/10 Ammoniacal ZnCl Solution 

32-7 gms. of pure Zn are dissolved in pure HCl, and the solution made alkaline 
with NH4OH. The volume is then made up to 1 litre. This solution is further 
diluted to N/10 by making 100 c.c. to 1 litre. 


Lead Indicator Solution 


10 gms. Rochelle salt 
10 „ NH4CI . 

0-5 ,, lead acetate 


’ ] dissolved in 100 c.c. of a 5 per cent 
’ I NH4OH solution. 


Method of procedure for determining the HgS content in 25 per cent concentrated 
ammonia liquor ; 

A 10 per cent solution of the liquor to be tested is made, and 10 c.c. of this 
solution are titrated. It is advisable to make a rough estimation in order to ascertain 
approximately the number of c.c. required for the titration. 

c.c. N/10 ZnCl X 0-17 . rr a 

— ==per cent HoO. 

sp. gr. of liquor 
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Method employed in M.M. Laboratory 

To 5 c.c. of tlie sample are added 15 c.c. of pure NII4OH, diluted to 45 c.c. with 
water. 

This is titrated in an evaporating dish with N/5 CuSO^, the contents of the basin 
being agitated with a stirring rod. 

The point where the reaction with the HgS is complete is marked by the blue 
colour of cuprammonium sulphate. 

Just before this end point is reached a warning is given by the coagulation of 
the precipitated copper sulphide. 

In cases where the KgS content is small, 10 c.c. of the sample are taken, and 10 c.c. 
pure NII4OII used. 

_ Nx 0-00341x100 
Q X sp. gr. 

= c.c. N/5 CUSO4. 

= c.c. sample taken. 


Per cent HgS 

N 

Q 


CHAPTER XIII 


SOURCES OE LOSS IN CONCENTRATED AMMONIA LIQUOR 
MANUFACTURE 

Laege quantities of concentrated ammonia liquor were made during the War in a 
variety of plants, some of which provided for the gas liquor to be preheated prior to 
being sent to the dissociator ; others involved the pumping of the reflux to the 
ammonia still, and in some cases both the reflux and weak caustic ammonia leaving 
the dissociator had to be pumped to the ammonia still. 

The gases emerging from the dissociator were dealt with in various ways. At 
some gas and coke oven works they were returned to the foul gas main, but almost 
invariably difficulty was occasioned owing to the formation of ammonium bicarbonate 
and/or carbamate. The deposition of an impure quality of naphthalene was not 
inirequent, and this tended to add to the difficulties named. 

The principal sources of loss of ammonia in the manufacture of concentrated 
ammonia liquor may be cited as follows : 

(a) Loss from the dissociation apparatus, due to imperfect absorption of ammonia. 

(b) Loss via the effluent liquor from the finishing still, due to an increased volume 

of liquor. This loss is aggravated by imposing extra work on the stills, 
owing to the reflux liquor having to be dealt with. 

(c) Loss occasioned by leakage at pump glands and by spillage. 

(d) Loss owing to volatilisation of the concentrated ammonia liquor from storage 

boilers, due to imperfect washiug of the ammoniacal air discharged. 

(e) Loss occurring in the loading of railway tanks ; and 

(/) Loss arising from faulty sampling. 

It is proposed to deal with these several sources of loss seriatim. 

(a) If loss of ammonia is to be avoided in this section of the plant, it is necessary 
that a dissociator should be used which is designed on scientific lines. It is useless 
to admit partially preheated liquor at the top of the dissociator and to expect to 
recover all the ammonia satisfactorily. Even if ammonia is absorbed in a scrubber 
or wash tank, placed after the dissociator, it will be appreciated that if unnecessarily 
large quantities are sent forward, the gas liquor resulting will need to be distilled, 
and additional steam will be required, besides which, the volume of the effluent 
liquor will be increased. Thus the possibilities for loss are augmented at several 
points. 

The plant required for the desulphurisation and decarbonation of gas liquor 
can be divided broadly into four parts : (1) that assigned for the application of heat 
to the liquor, either by the use of direct steam or products of combustion, or by 
partially preheating (interchange heat), and the subsequent employment of steam 
or products of combustion ; (2) that required for the cooling of the gases released 
in the dissociation, so as to aid the absorption of the ammonia not held in solution ; 
(3) that needed for the absorption by gas liquor of the ammonia referred to in (2) ; 
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and (4) that required for the removal of the traces of ammonia escaping the absorption 
plant mentioned under (3),- by water. A drawing of such plant is given in fig. 141, 
and it need hardly be said that such an .arrangement is flexible in the matter of 
control, and calculated to reduce the loss of ammonia to a minimum. 



JFig. 141. — Dissociator Plant embracing Apparatus assigned for each Function, 

It will be seen that the gas liquor used for the absorption of the ammonia not 
held in solution is cooled by water in a multitubular cooler prior to being sent to the 
dissociation section proper. In this way the temperature of the gases leaving the 
decomposing section of the plant can be better controlled than if an attempt were 
made to cool the gases themselves by water. 

Of course other combinations of the plant are possible, as has been indicated 
in Chapter XII. But all embody the four broad principles which have been elaborated 
above. 
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The extent to which loss of ammonia will occur will depend on the efficiency 
or otherwise of the plant and its operation. One of the chief sources of loss in con" 
nection with the decomposing plant lies in the failure to arrest the ammonia associated 
with the spent gases. 

It is not generally appreciated that the absorption of ammonia from the effluent 
gases in question is a different proposition from that of the absorption of ammonia 
from crude coal gas. 

A comparison of the respective analyses of the two gaseous mixtures will make 
this evident. The table below shows the impurities in condensed but unwashed 
gases. Most of the particulars are taken from figures furnished by Lewis T. Wright. 


Table 54 


Class of Coal. 

CO 2 per cent, 
by Volume. 

HgS per cent, 
by Volume. 

NHg per cent, 
by Volume. 
(Calculated.) 

Equivalent True 
Coal Gas. Per 
cent by Volume. 

Newcastle .... 

1-5 

L4 



Yorkshire silkstone . 

1-5 

1-3 

1-25 

(say) 96-0 

Derbyshire .... 

1-5 to 2-3 

1-0 to 2-0 




Analyses taken of the effluent gases leaving a decomposer, the working of which 
the author had occasion to investigate some years ago, were as follows : 


Table 55 

Per cent. 

Air . . .5-0 

NH 3 . . .15-5 (Outlet temperature of gases 

HgS . . .9-2 from decomposer, 46° C.) 

CO 2 . . . 69-4 


99-0 


Reference to the table relating to the impurities in condensed but unwashed gas 
shows that such impurities are relatively small. Undoubtedly, the gases constituting 
coal gas exert a carrying influence, and either obviate a reaction between the ammonia 
and carbon dioxide at the temperature obtaining, or otherwise carry forward by 
entrainment any ammonium carbonate which may be formed. A different condition 
prevails with the effluent gases from a decomposer. Owing to the high concentration 
of carbon dioxide and ammonia, opportunity is afforded for reaction. The result 
is that under favourable conditions of temperature ammonium bicarbonate and other 
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complex compounds of ammonia are formed as a sublimate in the pipes leading to 
the absorber, or in the gas mains used for conveying the foul gases to the plant 
assigned for dealing with the hydrogen sulphide content. 

The mixture of gases represented in Table 55 is a peculiarly insidious one, and if 
any escaping ammonia is to be arrested satisfactorily it is important that the scrubber, 
or wash tanks, should be contiguous to the dissociator, and that the pipe conveying 
the effluent gases should not be exposed to unfavourable atmospheric conditions. It 
has been found in practice that the use of a small quantity of steam, provided the 
temperature of the gases is not unduly raised, as a carrying medium, is an advantage. 
Such steam prevents the deposition of a sublimate prior to the gases reaching the 
catch absorber. This latter should preferably take the form of a boiler (or series of 
boilers), of tolerably large, dimensions, say, 5 ft. diameter by 20 ft, long, for a plant 
dealing with 60 to 80 thousand gallons of liquor per day. The boilers in question 
should contain water, and the effluent gases should be introduced to them by a suitable 
perforated distributing pipe or pipes. 

If the foregoing points are observed, and the precautions indicated are acted 
upon, loss of ammonia from this source can be reduced to a minimum. 

(&) In the working of most concentrated ammonia liquor plants it is correct to 
say that the bulk of the effluent liquor is much greater than obtains when the manu- 
facture of sulphate of ammonia is being undertaken. Moreover, the ammonia 
content of such liquor is usually in excess of the standard adhered to when sulphate 
of ammonia is being manufactured. Improvement can only come from the employ- 
ment of an efficient type of dissociator, and from a greater appreciation of the 
principles involved in dephlegmation. Invariably the content of ammonia returned 
to the still via the reflux liquor is needlessly high, and the imposition of additional 
work on the still invariably leads to a high ammonia content in the effluent 
liquor. 

(c) Pumping should be avoided as far as possible, in order to reduce loss in this 
connection. By working the dissociator under pressure it is possible to feed the 
ammonia still with a uniform quantity of weak caustic ammonia without having 
recourse to pumping. 

Where p um ping is necessary, it will be found that the use of a deeper stuffing box 
to afford extra packing, or the adoption of a pump with multiple glands, will reduce 
loss from this source. 

{d) It is not generally appreciated how serious is the loss from storage boilers, 
due to the action of the sun’s rays, and to loss via the vented air during filling. It is 
preferable to place all boilers in a covered building, so as to obviate unnecessary 
surface heating. Where this is impracticable, then in the summer months it is wise 
to keep the tanks cool by using a spray of cold water. All vented air should be washed, 
and the washings sent to the gas liquor storage tanks or wells._ 

(e) To avoid loss in the loading of railway tanks, these should be fitted with 
loading pipes carried to within 3 in. of the bottom of the tank, so as to avoid undue 
agitation, and the tank should be sampled, when filled, through the smallest size 
hole cut in the manlid, compatible with securing a representative sample. In summer 

15 


226 THE DESIGN AND WOEKING OF AMMONIA STILLS 

tEe tanks should be sprayed -with cold water before opening the miniature manlid 
named. 

(/) Dip samples taken by a long glass rod, or a long iron pipe with a small bottom 
valve, operated by a screw-spindle from above, should be discountenanced. While 
by such means it is possible to get a representative sample of the concentrated 
ammonia throughout the full depth of the tank, it will be found that the liquor adhering 
on the outside of the tube loses ammonia rapidly by volatilisation, and as this liquor 
flows into the sample bottle, which is filled by means of the glass rod or iron tube, the 
sample is not representative of the bulk of the concentrated ammonia liquor in the 
tank. In point of fact, the ammonia content of the sample will be less than that of 
the bulk. The best method to adopt is to dip the sample bottle itself into the 
tank. The neck of the sample bottle should be of a definite size so as to admit of 
the steady introduction of the liquor. In other words, the displacement of air 
from the sample bottle must be such that a representative sample throughout the 
depth of the tank is secured. In this way, if there is any stratified layer of concen- 
trated ammonia liquor, the sample is likely to reflect such stratification. On with- 
drawal from the tank, the outside of the sample bottle should be dried. Sub- 
sequently the bottle should be hermetically sealed. 

With a highly volatile liquid such as concentrated ammonia liquor, it will be 
appreciated that attention to many minute details such as have been indicated, is 
essential, if a high over-all yield is to be ensured. 


CHAPTER XIV 


TREATMENT OE THE WASTE GASES 

In the distillation of gas liquor in the manufacture of sulphate of ammonia, hydrogen 
sulphide, carbon dioxide, and hydrocyanic acid, along with pyridine, hydrocarbons, 
and steam, pass unabsorbed from the saturator to the condensing plant. These 
gases, as has been explained in Chapter VII., are cooled initially by gas liquor, and 
subsequently by water. 

The devil liquor resulting is sent to a sectional plated cast-iron tank, and is 
pumped along with the gas liquor to the distillation plant. Some of the properties 
of this liquor will be dealt with in the next chapter. 

It is important that the noxious gases named should be cooled to atmospheric 
temperature, so as to reduce the quantity of water vapour entrained to a minimum. 
In the dissociation of gas liquor for the production of weak caustic ammonia, in the 
manufacture of concentrated ammonia liquor or liquor ammonia, the noxious gases 
— hydrogen sulphide, carbon dioxide, and hydrocyanic acid, along with the other 
impurities previously named, usually pass to an absorption tower, to ensure the 
complete elimination of any unabsorbed ammonia. They are then available for 
treatment. 

Methods op Teeatment, and their Availability 

Recourse is generally had to one or other of four methods of treatment, the 
adoption of which depends largely on local considerations. These methods may be 
cited as follows : (1) The conversion of the HgS into SOg, which is used in the manu- 
facture of sulphuric acid ; (2) the combustion of HgS to SOg, and the absorption by 
calcium carbonate ; (3) the conversion of HgS into sulphur by the Claus process, and 
(4) the absorption of HgS by passage through oxide of iron. The author has had 
occasion to operate all four methods. 

The first method is essentially one for a large works where the manufacture of 
sulphuric acid is conducted. The second method is available for small or medium- 
sized works where the size of the plant does not warrant the manufacture of sulphuric 
acid, and where it is not desired to operate the Claus process or to use oxide of iron. 
The third method is unsuitable for small works where chemical supervision is absent, 
but is satisfactory for medium-sized and large works producing the equivalent of 
5 tons or more of ammonium product — 25 per cent NHg — per day. The fourth 
method is alike available for any size of works. 


1. The Conversion op Hydrogen Sulphide into Sulphur Dioxide 

The importance of cooling the waste gases to atmospheric temperature has already 
been emphasised. This is essential if they are to be burned for the production of 
sulphur dioxide. Provision should be made in the foul gas main leading from the 
coolers of the sulphate of ammonia or the final absorption tower of the concentrated 
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ammonia liquor plant, for the witMrawal of any water vapour that may be mechanic- 
ally entrained, prior to passing the gases forward to the burners. It is advisable to 
fix one or two baffle boxes at certain sections of the main in question, in order to 
facilitate the removal of water vapour and any liquid hydrocarbons mechanically 
carried with the waste gases. The type of baffle box suggested is shown in fig. 142. 

It is seen that provision is made for continuously “ draining-ofi ” the arrested 
liquid products to a seal pot. The liquor overflowing the latter can with advantage 
be collected, as it will be found to contain appreciable quantities of crude pyridine, 

which can be separated from the associated water in 
a suitable conical separator, and sold to the local tar 
distillery at a remunerative price. 

Where the production of sulphuric acid is also 
carried out, the combustion of the waste gases is 
invariably effected in spent oxide or pyrites burners. 
At some works, where mechanical spent oxide burners 
are in operation, it is usual to assign a. small section 
of the old hand-operated spent oxide burners for this 
purpose, and merely to burn the lump spent oxide, 
which is unsuitable for mechanical burners. In this 
way crushing of the spent oxide lumps is avoided, and 
the combustion of the latter in the hand burners 
affords the necessary heat for maintaining a satis- 
factory combustion temperature. 

Fig. 143 shows an elevation and section of a set 
of spent oxide burners dealing with the waste gases 
from a sulphate of ammonia plant producing 20 tons 
of sulphate of ammonia per day. On this set 9 '6 tons 
of spent oxide are burned in addition to the waste 
gases. 

It will be seen that there are five tiers of shelves, 
the top one of which is reserved for the combus- 
tion of the hydrogen sulphide of the waste gases. 
This particular shelf intervenes the fourth shelf 
and the top main flue. Thus, at all times there is 
a sufficiently high temperature to admit of the ignition of the hydrogen sulphide 
when it meets with excess air supplied via the oxide shelves. The air for 
combustion is admitted under suction by the operation of a fan at the end of 
the plant, through the apertures in the doors of those shelves on which the spent 
oxide is charged. 

It will be seen that easy means are afforded for cleaning the 6-in. cast-iron 
main, as also the several 2-in, wrought-iron tubes through which the gases are passed 
to their individual combustion chambers. Fifteen 2-in. pipes suffice to deal with 
the whole of the waste gases resulting from the operation of the sulphate of ammonia 
plant in question. 
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It is estimated that 250,000 cubic feet of gas are dealt with per day. The 
hydrogen sulphide content varies between 12 and 16 per cent. 

It is important to keep the main and the several 2-in. wrought-iron tubes free 
from deposited tarry matter. These should be cleaned at least every fourteen days. 
An aid to speedy cleaning is to be found in soaking a little cotton waste with paraffin, 
and igniting it in the mains, and in the openings provided by the several wrought- 
iron tubes. Afterwards an auger and rake should be freely used for withdrawing 
the soft tarry deposit. After cleaning, the wooden plugs are driven home tight. 

The combustion of the waste gases in spent oxide burners undoubtedly affords 
a ready and inexpensive means of treatment. The only disability attending this 
method is that diluent gases (largely carbon dioxide) are sent forward to the sulphuric 
acid chamber plant, and these occupy valuable space intended for reaction. Where 
the proportion of waste gases burned in relation to the spent oxide combusted is 
low, no difficulty will be encountered from the high ratio of water resulting on 
combustion of the sulphuretted hydrogen, but this may constitute a disadvantage. 
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Fig. 143. — Spent Oxide Burners for the Combustion of HgS. 


by reason of the production of weak acid, in connection with those sulphuric acid 
plants where the waste gases in question are the exclusive source of sulphur. 

It must not be assumed from the foregoing that it is impossible to manufacture 
sulphuric acid by the exclusive use of the HgS of the waste gases. This has often 
been done. Indeed, reference to the 36th Annual Report on Alkali, etc., works 
will reveal that the district inspector of the eastern and south-eastern counties — 
F. Napier Sutton — reported as follows : “ Sulphuretted hydrogen as a source of 
sulphur for acid making is in use at six works, and a very large quantity of acid is 
now produced from this noxious waste product. Further trial has been made to 
work a set of chambers with sulphuretted hydrogen alone at a works at which the 
gas is available in large quantity, and a trial of several months’ duration has been 
very successful. SHg to the equivalent of 3-75 tons of sulphur per twenty-four hours 
has been passed through the burners to the chambers, which have been worked at 
a capacity of 17 cubic feet per lb. of sulphur burned per twenty-four hours. In all 
other cases the sulphuretted hydrogen is burned either in pyrites or spent oxide 
kilns in conjunction with these materials.” 

Apart from the ready means which the above method affords for dealing 
with noxious gases, their combustion in spent oxide burners enables one to deal 
with low-grade spent oxide, the satisfactory treatment of which would be impossible 
but for the extra temperature resulting from the burning of the waste gases. 
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It is important, Lowever, to avoid 
the escape of the slightest trace of am- 
monia from the saturator, otherwise an 
adverse influence on the operation of 
the chamber plant will be established. 
Nothing is' calculated to disturb the 
normal operation of the acid manufac- 
turing process more than the passage of 
traces of ammonia with the waste gases. 
This prejudicial effect is very rapid. 

The author recently inspected plants 
at two large continental works where 
the waste gases were being burned, and 
the products of combustion discharged' 
via a chimney-stack. At one works 40 
tons of sulphate of ammonia were being 
produced per day. Taking the hydro- 
gen sulphide content of the gas liquor 
at 0-3 per cent in relation to the am- 
monia at 1'8 per cent, it will be seen 


that 


40 25-5 3 10 

1 ""Tw 


1-70 tons of 


sulphur were being combusted in the 
above manner per day. 

The above approximates to 15 per 
cent of the sulphuric acid requirements 
of the sulphate of ammonia plant. The 
sulphur dioxide resulting from the com- 
bustion of the waste gases in question, 
based on a 90 per cent efficiency, would 
produce 1’70 x 3 ‘93 =6 '68 tons of 70 per 
cent sulphuric acid per day. 


The Manyfacture of Sulphuric Acid 
from Waste Gases — A Modern 
Plant 

There' are one or two peculiarly 
simple forms of sulphuric acid plant 
which can be advantageously adopted 
for the manufacture of sulphuric acid 
from the SOg resulting from the com- 
bustion of waste gases. Fig. 144 shows 
such a plant. It will be seen that the 
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arrangement comprises a burner for the combustion of the hydrogen sulphide of 
the waste gases, this burner being arranged in such a way that extraneous heat from 
the products of combustion from a coke fire can be applied, should there be any 
diminution of temperature at any time in the self-combustion process. This 
heating device is also available for starting up the burner plant, which must be 
initially heated to the ignition point of the waste gases before passing the latter 
forward for combustion. 


The burner gases are subsequently partially cooled in specially designed and 
operated SOg coolers, a large installation of which is shown in fig. 145. A Kestner 
fan is introduced between the coolers and the “ bubbling tanks.” Thus the necessary 
air for combustion of the waste gases is introduced to the burners under suction, 
and the partially cooled burner gases are passed under positive pressure to the 
bubbling tanks, which contain nitrosulphonic acid of a well-defined strength. By 
reason of the intimacy of contact between the sprayed nitrous acid (which is main- 


Fig. 145.— SO 2 Cooler. 
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tained in excess) and tLe sulpliur dioxide, rapid reaction occurs witL tlie formation 
of sulpLuric acid. Water can be admitted to tbe bubbling tanks as desired. 

A Glover tower may be employed, or one of tbe bubbling boxes may function 
as a Glover tower. Similarly, one or more Gay-Lussac towers of tbe usual design 
may be employed, or tbe bubbling boxes may serve as absorbers of tbe oxides of 
nitrogen. 

This arrangement of plant is inexpensive, yet witbal flexible and foolproof in 
operation. It can be worked at tbe pbenomenally low capacity of less tban 1 cubic 
foot of chamber space per lb. of sulpbur per twenty-four bours. Tbe only matter 
of importance is to ensure tbe presence of an excess of nitrosulpbonic acid. Tbese 
bubbling tanks are tbe subject of a patent. No. E.P. 156328, of 1919. 

Where it is desired to produce sulpburic acid at a low cost from waste gases suck 
as those arising from sulphate of ammonia plants, or from copper smelting or other 
such metallurgical works, the plant described is peculiarly satisfactory. 


2. The Combustion of H 2 S to SOg, and Absokption by Calcium Carbonate 


At one or two works in the South of England, the 
waste gases are led by a pipe over a small coke fire, 
and tbe resulting burner gases are passed up towers, 
down which tbe supernatant spent ammonia liquor is 
irrigated. In this way decoloration of tbe effluent 
liquor is secured, and this appears to satisfy the local 
authorities. Other works burn the HgS of the saturator 
gases to SO 2 in a suitable furnace, such as is indicated 
in fig. 146. A gas jet, or coke fire is used for securing 
incipient combustion, and for the maintenance of such 
a temperature as will ensure continuity of the opera- 
tion. Provision is made in the burner for the admission 
of a secondary supply of heated air in order to burn 
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Fig. 146. — Plant fob, the Combustion oe HjS to SOg 
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any sublimed sulphur to sulphur dioxide. After ignition, the gases are passed 
through several series of chequerwork walls, so as to prevent any sulphur vapour 
passing away unoxidised. This is a matter of supreme importance, otherwise 
not only will the sulphur deposits cause dislocation of the operation of the 
absorbing section of the plant, but absence of draught, caused by the choking 
of the tower, will result in a deficiency of air, which will give rise to further 
quantities of sulphur vapour. It will be appreciated, therefore, that there must be 
a good command of draught at the furnace. Apart from this, the resulting gases 
containing SO3 must be cooled to a temperature of about 25° C. if satisfactory 
absorption is to take place. This method has proved quite satisfactory at several 
works throughout the country, but of course it involves expense, and there is no 
revenue from any resulting product. 

3. CONVEESION OF THE H 2 S OP THE WaSTE GaSES TO SULPHUR ClAUS PROCESS 

This process consists in mixing the waste gases containing hydrogen sulphide 
with such a quantity of air as will produce the reaction indicated below, when the 
gaseous mixture is passed through the red-hot catalytic medium provided. 

2H2S-i-02==2H20-}-S2. 

Arrangement of the Claus Plant 

■ The usual arrangement of Claus sulphur recovery plant, supplied by C. & W. 
Walker, Ltd., is shown in fig. 147. It comprises : {a) A large cast-iron cylinder, lined 



Eig. 147. — Claus Kiln. 


with firebricks and having a firebrick grate, on which rest loose firebricks, and over 
these is a layer of hydrated oxide of iron. Sometimes pyrites cinders of suitable size 
are used as the catalytic medium. (6) A cast-iron air box attached to the upper 
portion of the kiln, in which the air and foul gases mix before entering the kiln, (c) An 
air engine with automatic blow-off valve, to give a regular and continuous supply of 
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air. {d) A subliming chamber provided with transverse baffles to aid deposition of 

the finely divided sulphur. In this case the chamber is built of ordinary brickwork, 

lined at the portion nearest the kiln with firebrick, (e) A scrubber filled with 

limestone, down which a small stream of water is constantly flowing. The scrubber 

serves the purpose of arresting the sulphurous acid gases, which invariably emerge | 

in greater or lesser quantity from the depositing chamber ; and (/) an open purifier, I 

filled with oxide of iron, for absorbing any hydrogen sulphide which may escape. 

Method of Operation of the Claus Sulphur Recovery Plant i 

The brickwork of the grate is heated to a dull red heat prior to commencing the 
operation of the Claus kiln. 

The waste gases leaving the saturator are first cooled by liquor, and afterwards 
by water, to atmospheric temperature, as has been explained. Subsequently they 
are conducted into the air inlet box and are admixed with the air from the air engine, 
or compressed air supply, as the case may be. The gaseous mixture enters the kiln f 

at the top and passes downwards through a layer of hydrated oxide of iron, when 
reaction is set up. Although the production of sulphur has been represented by a 
simple equation, it should be remarked that more reactions than one take place, 
and that they are of a somewhat complicated character. Deference to this aspect 
will be made later. 

Due to the rapidity of the reactions in the formation of sulphur, the complete 
mass of oxide soon attains an incandescent state. When this temperature is reached j 

the sulphur produced is vaporised, and passes with the other associated gases |, 

through the firebrick grating at the bottom of the kiln into the subliming chamber, | 

where the sulphur vapours are cooled and deposited. The condensation of the I 

water, usually in the form of a spray, is effected in the subliming chamber, from which | 

it drains — preferably via sealed pipes. The uncondensed gases emerging from the ( 

subliming chamber enter a wet limestone scrubber, and thence pass through an [ 

oxide of iron purifier, finally emerging devoid of all noxious constituents. 1 

An excess of air will promote the formation of sulphur dioxide, which is arrested 
in the limestone tower, whereas a deficiency of air will result in hydrogen sulphide as [ 

such passing forward from the subliming chamber, and the function of the oxide of I 

iron purifier is to arrest effectually this gas. j 

The efficiency of recovery varies between 80 and 90 per cent, according to the ’ 

extent of the supervision exercised. At some works the process is conducted without ^ 

any attention over and above that which is available in the manufacture of sulphate 
of ammonia. 

Dimensions of a Glaus Sulphur Plant 

Some idea of the size of a Claus plant is furnished in the Alkali Inspector’s | 

Deport, No. 21, p. 81, where a description is given of the plant installed at the 
Leicester Corporation Gas Works for the treatment of the saturator gases arising 
from a weekly production of 35 to 40 tons of sulphate of ammonia. A plan 
of the essential parts of the plant in question is shown in fig. 148. The kiln A 
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comprises an iron sEell, with. 18-in. brick lining, 3 ft. wide by 5 ft. long inside. A 
perforated partition c causes an intimate mixture of the gases and air entering at 
a and &. The inner chamber, with an area of 3 ft. by 3 ft., is filled with lumps of 
oxide of iron containing a little manganese 1 in. by in. diameter. In chamber B, 
which is divided by transverse walls, as shown, the finely divided sulphur is deposited. 



From B the effluent gases traverse a flue 2 ft. 6 in. wide by 58 yd. long, in which 
are built a number of baffle walls. At the end of the flue, which takes the form of a 
hollow square, is disposed the scrubber. This is 24 ft. high by 4 ft. diameter, packed 
with limestone, down which water is percolated. The SOg is here arrested. Any 
remaining HaS is absorbed by the open oxide of iron purifier, 12 ft. 10 in. square. 

Owing to the difflculty of regulating the process to a nicety, it is essential that 
a limestone tower and purifier should be employed. It is known that acidities as 
high as 12 grains of SO3 per cubic foot have been recorded on Claus sulphur plants. 


Reactions 

Carpenter and Claus have made a detailed investigation of the reactions in the 
Claus process. Particulars will be found in the Journal of the Society of Chemical 
Industry, 1904, p. 557, et seq. 

In addition to the well-known reactions 

(1) 2H2S + S02 = 3S-h2H20 

and (2) H2S + 0 = H2O -1- S, 

evidence is available which indicates that the following reactions occur : 

(3) 3H2S+30 = 2H2S-hSO2-i-H2O; 

(4) 2H2S-f-S02 = 3S-F2H20. 

On the basis of many experiments, not alone conducted on the laboratory scale, 
but of a technical nature, and from observations made at several works, attempts 
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■were made by Carpenter and Clans to determine the conditions pre'vailing in the 
kilns, the factors governing the yield of sulphur, and the role played by ammonia. 

Ammonium sulphite and sulphate were not infrequently found, but ammonium 
sulphide was never detected. The presence of ammonium sulphite can be easily 
explained, as sulphur dioxide is always present in greater or lesser quantity in the 
gases leaving the catalyst, and there must be times when a trace of ammonia is by- 
passing the saturator, due to -the formation of rock salt, or to low acidities of the bath 
liquor. Moreover, it must be remembered that hydrocyanic acid undergoes hydro- 
lysis, with the formation of ammonia, thus : 

HCN+H20=NH3 + C0. 

Most samples of recovered sulphur from Claus kilns contain appreciable quantities 
of ammonium salts, and it is necessary that these should be washed preferably in a 
centrifugal before sending the material to the acid works for combustion. Ammonium 
compounds as high as 12 per cent, estimated as ammonium sulphate, have been 
found present in the recovered sulphur withdrawn from Claus kilns. 


4. Absoeption of Hydeogen Sulphide by Passage ti-ieough Oxide of Ieon 

The use of oxide of iron is usually resorted to at small works for the absorption 
of HaS from saturator gases. Thirty years ago it was generally customary to use cast- 
iron boxes of the ordinary gas works type, or brick boxes. In many cases these were 
open at the top. Both these types of purifier were provided with grids, and the gases 
were passed in an upward direction. In some cases only one tier of oxide was used. 
In others it was the practice to use multiple tiers. When sulphiding became visible, 
the box was thrown out of action and another one started. In some cases air was 
introduced to the spent box by means of an air injector, so as to aid revivification. 
In other cases the material was removed from the purifier and spread in an even 
layer on a suitable floor, so as to induce oxidation of the ferrous and ferric sulphides 
to ferrous and ferric oxides. 

About twenty years ago it was suggested that the oxide of iron should be arranged 
in the form of a conical heap on a concrete iioor, the foul gases being introduced 
thereunder by a simple gas-distributing device. This method rapidly gained in 
popularity, and is now generally practised at most small sulphate of ammonia works. 
Fouling is very easily detected, less labour is entailed in operation, and larger surfaces 
are available for oxidation. 

A particularly suitable hydraulic change valve for use when changing from one 
purifier to another is shown in fig. 149. This type of valve is made by C. & W. 
Walker, Ltd., of Donnington (Salop). 

Fig. 150 shows the lay-out of a purifying system capable of dealing with the 
saturator gases from a plant producing seven tons of sulphate of ammonia per day. 

It will be seen that the heap system is the one adopted. After cooling to atmo- 
spheric temperature, the waste gases are passed along an 8-in. pipe, thence through 
four 6-in. pipes fixed at right angles, on each of which a valve is placed. It is usual 
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to work two heaps on and two oE. The gases emerge from the 6-in. pipe, on which is 
placed an iron plate, and are then distributed laterally through the openings A, A, A, A 
into a small square structure B. A 7 ft. square concrete wall, 12 in. high by 6 in. 
thick, along with a smaller square structure B, serves to carry the grids on which 
the oxide of iron is placed. At some works virgin oxide is not used, but it is pre- 
ferred to work up material contammg about 30 to 35 per cent of sulphur, arising 
from the purification section of the carburetted 
water gas plant. 

In starting such heaps, the space occupied 
by each is indicated by X, X, X, which re- 
presents roughly 300 cub. ft., and involves the 
use of about 10 tons of oxide of iron. Two 
such heaps are put into commission, and will 
suffice for the absorption of the H 2 S of the 
saturator gases for about ten to fourteen days 
without disturbance, but with the addition of 
small quantities of material added daily to cover 
that portion of the heap which has revealed signs 
. of sulphiding. After the elapse of ten to four- 

teen days it is necessary to stop the passage of 
the gases, and to turn on to the two other freshly 
prepared heaps. 

Meanwhile, it will be found that the spent 
heaps to which additional quantities of oxide of 
iron have been added daily have reached the 
I dimensions shown by Y, Y, Y, representing about 

I 800 cub. ft. of material. It will be appreciated 

I that the oxide increases in weight by reason of 

' the accumulation of sulphur. 

) The spent heaps are then broken down, and 

i the material is spread over a concrete floor in 

a layer of 8 to 12 in. in depth. The material Fig. 149 .— Hydraulic Valve. 

! remains in this position, undergoing revivification 

i about every ten days, after which it is necessary to prepare fresh heaps to be 

: available when those at present at work give evidences of becoming foul. The 

! back pressure, in terms of water gauge, by this method need not exceed 1 in. 

i The heaps can be attended to by the man responsible for the preparation of the 

i milk of lime. , • 1 1 

The cost of this method of purification, from the point of view of labour, varies 

i from Is. to Is. 6d. per ton, according to local circumstances, and the extent to which 

! the materials have to be carted. 

f' Reference to the Alkali Inspector’s Report, No. 31, shows that the cost of purifica- 

tion of the saturator gases by oxide of iron varies in seven cases from 7s. Id. to Is. 6d. 

I per ton of sulphate of ammonia, and in the case of five works operating the Claus 
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sulphur process the cost of purification varies from Is. ll-d, to 8d. per ton of sulphate 
of ammonia. In no case was there any actual profit. 

With a good quality of bog ore, or artificial oxide of iron, it is possible for the 



Section. 

Grid supporting arrangement 


Fig. 150. — General Lay-out, etc., of Pueieioation Plant. 

oxide to accumulate 60 per cent of free sulphur in the purifiers attached to a 
sulphate of ammonia plant. 

It is a much easier proposition to purify gases having a concentration of HgS 
varying from 13 to 20 per cent by volume, than to purify crude coal gas which 
contains only 1-3 to 1-5 per cent of HaS by volume. 




CHAPTER XV 


THE TREATMENT OF EFFLUENT LIQUOR AND THE DISPOSAL 

OF THE SLUDGE 

The problem of tbe treatment and the disposal of the spent liquor discharged from 
ammonia stills becomes increasingly complex and difficult. 

River authorities are much more vigilant than was the case a decade or two ago, 
and they are not now inclined to accept, as was their wont, spent liquors of a noxious 
character, if the volume is such as is calculated to cause trouble at the sewage works. 

By the Pollution of Rivers Act of 1876, County Councils have power to restrain 
a person or firm from polluting a stream, but if that person or firm can show to the 
satisfaction of the court “ that the best practicable and reasonably available means 
to render harmless the poisonous, noxious, or polluting liquid so falling or flowing or 
carried into the stream ” have been employed, then no offence shall be deemed to 
have been committed. 

Again, provisions are contained in the Public Health Acts, Amendment Act 1890, 
Part 3, Clause 17, Sections 1 to 3, which read as follows : 

1 . Every person who turns or permits to enter into any sewer of a local authority 

or any drain communicating therewith — 

(a) Any chemical refuse, or 

(b) Any waste steam, condensing water, heated water, or other liquid 

(such water or other liquid being of a higher temperature than one 
hundred and ten degrees of Fahrenheit), 
which, either alone or in combination with the sewage, causes a nuisance 
or is dangerous or injurious to health, shall be liable to a penalty not 
exceeding ten pounds, and to a daily penalty not exceeding five pounds. 

2. The local authority, by any of their officers either generally or specially 

authorised in that behalf in writing, may enter any premises for the pur- 
poses of examining whether the provisions of this section are being contra- 
vened, and if such entry be refused, any justice, on complaint on oath by 
such officer, made after reasonable notice in writing of such intended com- 
plaint has been given to the person having custody of the premises, may 
by order under his hand require such person to admit the officer into the 
pre mi ses, and if it be found that any offence under this section has been or 
is being committed in respect of the premises, the order shall continue in 
force until the offence shall have ceased or the work necessary to prevent 
the recurrence thereof shall have been executed. 

3. A person shall not be liable to a penalty for an offence against this section 

until the local authority have given him notice of the provisions of this 
section, nor for an ofience committed before the expiration of seven days 
from the service of such notice, provided that the local authority shall not 
be required to give the same person notice more than once. 
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It will be appreciated that three considerations are of significance. These are 
(a) the volnme of the spent liquor discharged to the sewer in relation to the volume 
of the sewage, (6) the nature of the sewage, and (c) the best practicable and reasonably 
available means to render harmless the noxious liquid. 

Where the volume of the spent liquor does not exceed 0-5 per cent of the total 
sewage, exception is rarely taken to its discharge. 

Where the sewage is of an acid nature, due to pickling liquors foom metal works, 
or from factories using acid, it is not improbable that the authorities will welcome 
not only the spent liquor, but will allow the discharge of the lime sludge with it. 
In this case it is only necessary to cool the spent liquor below the specified tem- 
perature. 

As to what constitutes the best practicable and reasonably available means to 
render the noxious spent liquor harmless is a matter which will be the subject of 
detailed consideration later. 

Cooling THE Spent Liquor 

The first consideration which should occupy the technician is the question of 
the cooling of the efiluent liquor. Is it intended to take advantage of the potential 
heat of the discharged liquor, and thus conserve heat units, or must some plant be 
erected which involves the use of water or air as a cooling medium Obviously, 
in the interests of economy, advantage should be taken of the potential heat of the 
spent liquor. 

The author has already referred to a peculiarly satisfactory method of heat 
interchange (see Chapter VII.) between the hot spent liquor and softened water 
intended for boiler feed purposes. Apart from recovering a sensible ^ quantity of 
heat in this way, it is possible to recover a large portion of the ammonia content of 
the efiluent liquor. 

Fig. 151 gives details of an apparatus which functions in the dual capacity. 
T ills arrangement of plant is the subject of patent No. E.P. 177726. It comprises 
a tubular feed-water heater a, having above its upper tube plate a perforated dis- 
tributing plate on to which is discharged through pipe h the hot waste efiluent 
from the fixed ammonia still, the effluent being kept at this level by a rising out- 
flow pipe c. Surmounting this heater is a chamber d, preferably suitably lagged 
as at e, and having as a part of one side of it the tube plate / of a multitubular 
condenser which discharges into a closed receiver g. 

The ammoniacal steam rising from the surface of the liquor in the chamber 
condenses in the condenser and thus a reduced pressure is maintained within the 
chamber ; when a certain amount of condensate has collected in the receiver g, as 
indicated bv a gauge glass A, valve i in pipe h is opened to allow the condensate 
to flow into a tank. 

I is a trap which prevents return of condensate to the chamber when the 
receiver is more than normally charged. The feed water enters the heater a a,t m 
and leaves it at n. 
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mere heat interchange is not decided upon, several methods of cooling are 



available, and the choice of a method is generally determined by the size of the 
plant and local circumstances. 

Cooling Arrangements for Various Sizes of Plant 

In connection with small wmrks it is usual to build a concrete tank with a series 
of baffles, and to pass the spent liquor from the still through two or three series of 
wrought-iron flanged pipes, having suitable provision for cleaning, which are immersed 
in water circulated through the baffles in counter-current flow to the passage of the 
hot spent liquor. 
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At some small and medium-sized works a cast-iron serpentine cooler is used. This 
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s carried by vertical angle iron supports in a concrete pit. the serpentine is cooled, 
oy an efficient type of water spray. Fig. 152 illustrates this type of arrangement. 

At some large works the decanter 
system of sludge removal is in vogue, 
and in these cases it is the invariable 
practice to remove the sludge first 
before cooling. Details of these de- 
nters and their operation will be 
ferred to later. Where the sludge is 
moved initially, the Venetian blind 
^pe of splash cooler is adopted with 
ny satisfactory results. Fig. 153 
ves the details of this type of 
)oling tower. Two of the sides of the 
)wer are provided with boards, fixed 
L the form of A^enetian blinds. The 
iternal elements of the tower consist 
mply of triangular bars or inverted 
V’s, staggered in such a way as 
to permit of a fine division of 
the water so as to aid cooling. 
A tumbler device is used for 
distributing the liquor, which is 

Fig. 153. Venetian Type op Splash Cooler. collected in a lead-lined dish at 

the foot, in which the cooling 
tower stands. It has been found necessary at some works to prevent an undue 
discharge of steam during the cooling operations referred to. In such cases 
draughting devices must be adopted. 


A. A A ^ 
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Methods of Collecting the Sludge 

In general, three methods are in operation for the collection of the lime sludge 
discharged with the spent liquor from ammonia stills : (1) settlement in pits, (2) 
settlement in decanters, and (3) filter pressing. 


1. Settlement in Pits 

This is the general method in use at most works, whether small, medium-sized. 






or large. At small works it is usual to build two or more concrete pits, equipped 
with bafUe walls, and to work these alternately, accumulating sludge in one and 
emptying the drained deposit from the other. The extent of the travel afiorded by 
the baffies is such that perfectly clear spent liquor is discharged and the lime sludge 
retained. It is usual to provide an adjustable weir, or other device, at the outlet 
to the sewer. Fig. 164 gives details and dimensions of a sludge settlement arrange- 
ment suitable for a works distilling 3500 to 5000 gallons of gas liquor per day. 






Fig. 156. — Large Plant for Settlement of Lime Sludge. 


readily removed to any part of tlie pit, and can be extended at will. Tliis metliod 
of operation is convenient, and does not entail more than one sHlling per ton, whicli 
includes the loading of the sludge to barges. 






I 


•t 



Fig. 157 - — Lime Decanters. 
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2. Settlement in Decanters 

Some works prefer to adopt decanters of tke form shown in fig. 157. The still 
in coninnction with wliicli the decanters work is usually fixed on a base high enough 
to allow the decanters to be filled b}^ gravity without imposing any extra pressure 
on the still, as would possibly result if the decanters were placed on the same level 
as the still. It will be seen that the decanters consist of conical steel vessels, to which 
four legs are attached. They are generally placed in a concrete pit. The hot spent 
liquor is run direct from the still through a seal pipe, and enters the inner cone at 
the side near the top. The liquor descends, passing under the base of the inner 



cone, and gradually rises, filling completely the vessel until it overflows via the serrated 
notches to the outlet pipe which is near the top of the outer shell. 

Each of the decanters is provided with a vent, and the steam and ammonia 
evolved pass to a scrubber fed with water, the resulting liquor being sent to the gas 
liquor storage tanks. 

Four such decanters are used in connection with a plant distilling approximately 
25,000 gallons of liquor per day. Two are constantly receiving the spent liquor, 
and the other two are either being discharged of the sludge or are ready preparatory 
to the receipt of further quantities of effluent liquor. It is usual to discharge the 
decanters once each day. Prior to their discharge, the scraping device is operated, 
so as to remove any adhering sludge from the sides of the vessel. The sludge is 
dumped on hot boiler ashes, thus causing a further evaporation of water and ensuring 
that the mixture is in a reasonably dry condition for manipulation. 
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Fig. 158 shows the position of the decanters in relation to the still. After leaving 
the decanters the effluent liquor is passed through an open filter box, packed with 
graded ashes, to arrest any slight traces of sludge wfflch may be entrained, and 
subsequently is cooled preparatory to being finally discharged. 

3. Filter Pressing of the Sludge 

With the two methods of settlement referred to, the content of moisture m the 
sludge cannot be reduced much below 60 per cent. This 

disadvantage, especially when the sludge has to be carted or remov p 

By adopting filter presses it is possible to reduce the moisture content to ab 
30 per cent. This represents an appreciable saving in transit charges. The e 
Towever, many considerations to be borne in mind. Usually the labour expenses 
are higher with this method, besides which there is expenditure on filter cloth , 

numning, and general wear and tear of additional plant. , , , , i 

^ Apart from the adoption of concrete baffle pits it is necessary to adopt two other 
concrete tanks. The need for these will be seen later. The settled sludge, ^ssocia e 
with which is about 60 per cent of water, when taken from the settling pits, shoul 
not be sent direct to the filter presses, but should be discharged by suitable means 
(pneumatic forcing rams or otherwise), into the additional settling tanks 
where the sludge must he diluted with three times its volume of cold water. After 
a further settlement in one or other of these tanks the sludge can be filter-presse 

in the usual manner. . 

The necessity for additional dilution with water and subsequent settling is to 

cool the sludge, and to reduce its alkalinity to a minimum. If these precautions 
are not observed it will be found that considerable expense will be entailed by reason 
of the renewal of filter cloths. Indeed, the expenditure will be such as to nullify 
any advantage which may otherwise be derived from this method of treatment. 

^ AutomaL sludge-forcing rams, which work pneumatically, are recommended 
by reason of their economical operation. The air is imtially exhausted from one 
ram, so that the sludge is drawn in until the ram is filled. The air valves are then 
reversed so that the compressed air is pumped into the latter,^ thus forcing the s u ^ ge 
out through the delivery valves wherever the sludge is require . i e i is eing 
forced from one ram, the other ram is being filled by vacuum. Thus the rams 
work alternately, one filling while the other is discharging, thereby maintaming a 
constant flow. The apparatus works with a constant amount of w ic , y 
means of a combined air compressor and vacuum pump, is forced at first into one a 
and then into the other as required. The reversal of the air pressure at each charge 
is automatic, so that the apparatus requires very little attention. 

The air compressor need not be adjacent to the rams, but may be situated 

anv convenient place (say) in the power plant house. ^ 

^ The automatic sludge-forcing rams are also used for filling the filter presses, 
and are well adapted for delivering a semi-liquid under pressure. 
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Teeatment OE THE Epeluent Spent Liquor 

The spent liquor, after the elimination of the sludge, is noxious in character, 
when judged by ordinary standards of purity. 

Before proceeding to the methods of treatment of the effluent spent liquor, it 
is advisable to consider how far such liquor is noxious when contrasted with the 
standard of purity recognised by the river and sewage authorities. 

From the Eighth Report of the Royal Commission on Sewage Disposal, it is 
possible to arrive at what is ordinarily accepted as a standard of purity. The report 
in question says ; 

“ If one hundred thousand cubic centimetres of river water do not normally 
take up more than 0-4 grain of dissolved oxygen in five days, the river will ordinarily 
be free from signs of pollution, and if a river water usually gives a higher figure than 
this it will almost certainly show signs of pollution, except perhaps in very cold 
weather. This figure (0-4) we term the ‘ limiting figure,’ and in our opinion it should 
be the foundation on which any scheme of standards should be constructed. 

“ Of the various conditions which should be taken into account in considering 
the question of standards, by far the most important in our view is the degree of 
dilution afforded by a river to a contaminating discharge. The importance of this 
factor is sufficiently shown by the numerous instances in which the degree of dilution 
is sufficient to enable practically the whole of the work of sewage purification to be 
done by natural agencies without cost or injury to the community — assuming that 
the diluting water is of reasonable purity, we shall expect to find in the degree of 
dilution a measure alike of the amount of purification which may be safely entrusted 
to the river, and of the amount of purification of the polluting liquid which could 
be effected prior to the liquid being discharged.” 

Toxicity oe Eefluent Liquor and the Factors governing it 

It will be appreciated that the toxicity of effluent liquors varies sensibly, and 
depends very largely on the time during which tar has been in contact with the 
liquor, and on the efficiency of the separation of the tar from the liquor at the gas 
works or coke ovens. Moreover, different systems of carbonisation may conceivably 
exercise a marked influence on the character of the gas liquor, and hence the resulting 
effluent liquor. There is reason to believe that at those works where vertical retorts 
are used for the carbonisation of coal, owing to the quality of the resultant tar, and 
the arrangements for separation, the effluent liquor arising from the distillation of the 
gas liquor produced at such works is more toxic than is the liquor emanating from 
gas works carbonising coal in horizontal retorts. 

In confirmation of the foregoing view the following figures are interesting : 

Basis of Analyses — Three-minutes Oxygen Test 

1. Effluent liquor resulting from gas 560 parts of Og absorbed per 100,000 

liquor arising from gas works gallons. 

using vertical retorts. 
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2. Effluent liquor resulting from gas 

liquor arising from gas works 
using horizontal retorts. 

3. Devil liquor arising from distillation 

of No. 2 gas liquor. 


Varying between 200 and 350 parts of 
Og absorbed per 100,000 gallons. 

Varying between 375 and 410 parts of 
O 2 absorbed per 100,000 gallons. 


A valuable contribution on the presence of polyhydric phenols in ammonia cal 
liquor derived from carbonisation of coal has been published by G. S. Currey {Chemistry 
and Industry, 1923, 379T.). ■ The investigation was carried out with a view to 
elucidating a red brown coloration given by the effluent to the Paramatta River, 
near the Australian Mortlake Gas Works. The coloration in question was found 
to be due to the oxidation of polyhydric phenols, chiefly catachol. 

The Oldbury District Council suffered very acutely about 1905 from effluent 
spent liquors received at the sewage works, and entrusted the study of ascertaining 
the “ best practicable means of meeting the difflculties they encountered ” to Prof. 
Percy F. Frankland, F.R.S., who in February 1907 contributed the results of the 
protracted inquiries by himself and H. Silvester to the Birmingham and Midland 
Section of the Society of Chemical Industry {Journal, 1907, pp. 231-237). This 
contribution added materially to the knowledge of that time on a hitherto obscure 
subject, and it is important, even to-day, to direct attention to a few of the out- 
standing conclusions reached. 

Prior to the investigations in question, it was generally believed that sulpho- 
cyanide was the most toxic constituent of spent liquor, but from experiments made 
by Frankland it was shown that goldfish could live for a period of at least twenty- 
four hours without apparent discomfort, in solutions containing up to 250 parts of 
sulphocyanide (CNS) per hundred thousand. Signs of distress were evident at 
450 parts, and at 500 parts the goldfish died. 

An average analysis of five samples of spent gas liquor revealed the amount of 
sulphocyanide to be only 153-8 parts per hundred thousand, the maximum being 
171-7 parts. If sulphocyanide had been the only constituent in effluent liquor 
noxious to goldfish life, no objection need be urged, as the average content in the 
sewage containing such liquor was only 9-3 parts. It was found, however, that 
sulphocyanide prejudicially afiected Bacillus coli communis in amounts as low as 
10 parts per hundred thousand. But as the investigations were pursued, it was 
soon discovered that there were other oxygen-consuming bodies of far greater 
moment than sulphocyanide, though this body had been regarded hitherto as a 
veritable curse. 

It was found that phenols constituted a much more toxic agent than sulpho- 
cyanide, and the amount so formed was nearly equal to the latter. It was also 
discovered that sulphocyanide is not destroyed in the septic tank, and that the 
“ oxygen absorbed ” is apparently not reduced there either. 

To determine the amount of oxygen required for the oxidation of the chief 
constituents of spent gas liquors, the estimation was conducted in precisely the 
same way as is customary in ascertaining the oxygen absorbed in ordinary sewage, 
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namely, four hours’ test at 80° F. The following figures were furnished in this 
connection : 


Table 66 


No. 

100 Parts of Ingredients. 

Amount of 
Oxygen required 
(Theoretical). 

Oxygen absorbed 
in 4 Hours at 

80° P. 

‘(Experimental). 

Percentage of 
Theoretical 
obtained in 
Experiment. 

1 

Sulphocyanide (CNS) 

82-7 

82-7 

100-0 

2 

Thiosulphate (S 2 ) • 

100-0 

85-6 

85-6 

3 

Phenol (GgHg . OH) 

238-0 

178-0 

74-8 


The undermentioned reactions were assumed : 


(1) CNS + 30=S03 + CN. 

(2) 8202 + 202 = 2803. 

(3) CH5.0H + 702 = 6C02 + 3H20. 

Experiments indicated that sulphocyanide apparently undergoes no change in 
an effiuent containing an adequacy of nitric nitrogen, even in the course of four days 

at about 20° C. . . , i i x-l 

The work to be efiected by the Oldbury bacteria beds is shown by the authors 

in the following tables ; 


Table 57 


Ingredients in 

Twenty -four Hours’ Flow 
(Maximum). 

Weight. 

Weight of Oxygen 
required for Complete 
Oxidation. 

Volume of 

Oxygen required. 


cwt. 

cwt. 

cub. ft. 

Sulphocyanide (CNS) 

9-60 

8-0 

10,000 

Phenol (CgHg . OH) 

8-75 

20-8 

26,065 

Thiosulphate (S 2 ) ■ 

2-90 

2-9 

3,665 


21-25 

31-7 

39,730 


A remarkable factor bearing upon the foregoing experiments was elucidated by 
F. W. Skirrow, and published in his paper on “ The Determination of Phenols in 
Gas Liquor ” {Journal Society of Chemical Industry, 1908, pp. 58-61). It was shown 
by Skirrow that the amount of pure phenol which is lost in ammonia liquors amounts 
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to between 0-37 and 0-55 lb. per ton of coal carbonised, whereas the amount of pure 
phenol recoverable from the tar is only 0-53 lb, per ton. In other words, about one 
half of the pure phenol which is produced in the retorts is lost in the ammoniacal 
liquor. 

Bacterial Treatment op Effluent Spent Liquor 

Dr. Fowler was responsible for the pioneer work in the bacterial treatment of 
effluent liquor. On this subject, the 44th Report of the Chief Alkali Inspector says : 
“ For this purpose a certain number of bacteria from the Manchester Corporation 
sewage works were indentured, separated from their families, and transported to the 
Bradford Road residual works of the Corporation, and there immured in a tower 
filter, of simple construction, as their working home, not a ‘ compound.’ The task 
assigned to them, however, was the breaking-up of ‘ compounds.’ ” These experi- 
ments were conducted for several years ; the filter started in June 1904. It will be 
realised that many data had to be ascertained, such as the lowest permissible amount 
of dilution of the spent liquor, compatible with the maintenance of the bacteria in 
an efflcient and thriving condition for accomplishing their work in the minimum of 
time. By conducting experiments the degree of concentration was reached at 
which the bacteria sickened and were incapable of continuing their work till former 
conditions were restored by a period of rest, followed by a diminution in the strength 
of the applied liquor. It was subsequently found that the effluent, after treatment, 
could itself be applied as a diluent in lieu of fresh water. 


The Fowler System — Large-scale Operation 

The Fowler system of purification was put into operation at the Bradford 
Corporation Chemical Works, Frizinghall, about 1908, and has been in operation 
since. The following account of the Frizinghall filter beds and their method of 
working has been prepared from details furnished at different times by Percy Ward, 
the engineer and manager of the chemical works in question. The filters cover half 
an acre in extent, and are constructed of graded clinker arising from the steam 
boiler plant. The bottom layer, to the extent of 1 ft. deep, is of 4 to 6 in. in size, 
above which is a layer of about 1 ft. from 1 to 2 in. in size, and finally, there is a 
layer of 6 ft. from half to 1 in. in size. 

Only one bacterial bed is provided at Frizinghall. It is possible to construct 
bacterial beds without the erection of retaining walls, merely allowing the ashes to 
seek their natural angle, of repose. Supernatant effluent liquor divested of lime 
sludge, diluted by fifteen times its own volume of water, is pumped over the bed, 
which initially has been treated with stable or human urine, sprayed on the top of 
the bed day by day for a fortnight. 

As soon as the effluent liquor leaving the bacterial beds shows a purification of 
80 per cent, this liquor is returned for the dilution of the untreated spent liquor, 
thus dispensing with the use of water, which may or may not be expensive, according 
to circumstances. The effluent liquor needs to be uniformly distributed over the 
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bacterial bed by a suitable self-propelled device sucb as is ordinarily used at sewage 
works. As the bacteria sicken, an appropriate rest period is necessary, and this is 

secured at the week-ends, etc. _ ■ • x i. 

In the course of time, also, a deposit of lime salts forms on the^ interior of the 
connecting pipes of the filter, and pending cleaning, the circulation is sensibly 
reduced, involving a much higher circulating liquor.^ There is no appreciable 
reduction in the efficiency of purification during this period. 

The oxygen test of the original spent liquor varies around 560 parts per hundred 
thousand ; the purified liquor is 110 parts — a difference of 450 parts. The feed to 
the filters is about 140 parts, and the liquor leaving the filters is 110 parts. It will 


Fig. 159.— Bacteeial Bed for the Purification of Sludge-freed Effluent Liquor. 


be appreciated from what has been said that to determine the amount of purification 
in the case cited the difference between the last two tests requires multiplying by 15. 

Bach year it is found necessary to turn over with a fork the top eight inches of 
filter material, owing to calcium deposits having a caking effect to this depth. 

The importance of good distribution cannot be too strongly urged as a factor in 
securing efficient purification. It should be stated that at Frizinghall, approximately 
thirty thousand gallons of effluent liquor are treated per day. Fig. 159 gives a view 
of the bacterial bed just described. 

As an indication of the size of the filter beds for the Fowler bacterial treatment 
of effluent liquor, it may be said that there should preferably be two beds, each of 
which should be 35 ft. by 35 ft. per ton of sulphate of ammonia manufactured per 
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day. Owing to tlie isolated position of the Frizinghall plant the machinery consists 
of a gas engine and a centrifugal pump in duplicate. With gas at four shillings per 
thousand cubic feet, the cost of pumping and circulating the effluent liquor as described 
represents approximately two shillings per ton of sulphate of ammonia manufactured. 

' The plant is closed down at week-ends and about one month each year, during 

which time gas liquor is accumulated at the several gas works. It is emphasised that 
this rest period is very beneficial to the bacterial life in the filter. 

It will perhaps be interesting to give the tests applied for determining the oxygen 

t absorption of effluent spent liquor. 

Three-minute Oxygen Test 

Solutions required : 

N/80 KMn04. (1 c.c. = 0-0001 gr. 0). 10 per cent H2SO4. 

N/80 NaaSgOg fiHgO. Starch solution. 

i 20 c.c. water are taken in small wide-necked flask and acidulated with 10 per 

cent H2SO4. The KMn04 is then run in drop by drop until a faint but permanent 
colour is obtained. Then in the case of (a) raw waste liquor, a further 50/60 c.c. of 
permanganate solution are run in ; in the case of (b) treated liquor, about 20 c.c. 

* When testing (a) use 1 c.c. of liquor, and (b) 1 to 5 c.c., as a trial test will show. After 

the addition, shake occasionally during the three minutes. Then quickly add a 
small crystal of potassium iodide and titrate back with the thiosulphate solution 
until the yellow colour nearly disappears, add starch solution and complete (i.e. 
until blue colour disappears). 

From the permanganate and thiosulphate used one can find the permanganate 

j used by the liquor, and thus the oxygen consumed, which is calculated to parts per 

100,000. 

Examples illustrative oe the Calculations involved in the Tests 

? 1 c.c. Raw waste liquor taken. 

60 c.c. N/80 KMn04. 

20 c.c. N/80 NagSgOg bUgO used in backward titration. 

Difference 40 c.c. N/80 KMn04 consumed, 

^40 X 0-0001 grm. oxygen, 

=0-0040 grm. oxygen. 

=400 parts per 100,000. 

5 c.c. treated waste liquor. 

20 c.c. N/80 KMn04. 

I 1-4 c.c. N/80 NagSgOg, SHgO used in backward titration. 

Difference 18-6 c.c. N/80 KMn04 consumed. 

= 18-6 X 0-0001 gr. oxygen. 

; =0-00186 gr. oxygen, 

= 186 parts per 500,000. 

=37-2 parts per 100,000. 
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Decolorising- and Dephenolating Method 

In the last two Annual Reports (1921 and 1922) of the Chief Alkali Inspector, 
reference has been made by Dr. T. Lewis Bailey to a method by which phenols (the 
most noxious constituents of effluent spent lii^uors, as has already been remarked) are 
removable from solutions by steam distillation. The phenoloid constituents can be 
largely eliminated by making hot fire gases ascend by means of a steam injector, a 
suitable scrubber, down which the spent liquor is distributed. 

No practicable method of removing thiocyanate has yet been found, and the 
elimination of thiosulphate is no less difficult. Both these bodies are comparatively 
stable, and oxidation by air in dilute solutions is next to impossible. 

It has already been pointed out in Chapter III. that thiocyanate and thiosulphate 
are generally looked upon as oxidation products, and the content of these constituents 
in ammoniacal liquor is a function of the contact of the liquor with oxygen in the 
condensing and scrubbing systems of the coal gas plant. 

It has been indicated by Dr. Bailey that a correct knowledge of the quantity of 
spent liquor produced in relation to the liquor distilled is fundamental to a considera- 
tion of the treatment of effluent by blowing with fire gases. 

Figures based on determinations by the author are given by the Chief Alkali 
Inspector in the 1922 report, and these figures are reproduced below ; 


Table 58 

Volume op Effluent Spent Liquor in relation to Volume 
OP Feed Liquor 


Strength of Gas Licj^uor. 

Gallons of Liquor per Ton of Ammonium 
Sulphate, based on 100 per cent Conversion. 

NH 3 content of S/A - 25 per cent. 




Total Effluent Spent Liquor 

Oz. Strength. 

Per Cent NHj. 

Gas Liquor used. 

calculated for 50 per cent 
increase on G/L. 

4 

0-868 

6470 

9710 

5 

1-085 

5170 

7760 

6 

1-302 

4320 

6480 

7 

1-519 

3690 

5540 

8 

1-730 

3230 

4850 

9 

1-953 

2870 

4310 

10 

, 2-170 

2580 

3870 

11 

2-389 

2340 

3510 

12 

2-604 

2150 

3230 
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It is remarked tkat the above figures are consistent with, those given by Dr. 
Maclean Wilson for average coke oven practice. The figures applying to coke ovens 
are appended. 

Table 59 

20,000 gallons of efiiuent spent liquor are stated to be discharged from works 
carbonising 200 tons of dry coal per day, corresponding to about 9000 gallons 
per ton of S/A made. Of this : 

Water of combustion accounts for 
Moisture in the coal accounts for . 

Water used on the scrubbers accounts for 
Water condensed from steam used. 

Lime water feed ..... 


Whence : 

Vol. of final eflduent : Vol. of feed : : 100 : 65 ( = 154 ; 100). 

It is usually assumed, judging by the general character of the liquors, that the 
proportion of phenoloid bodies will be relatively higher in coke oven liquors than in 
those produced at gas works. An important consideration bearing upon the phenol 
content of effluent liquor is that of the devil liquor resulting in the distillation. 
According to tests made by the author the devil liquor is more often than not 50 
per cent more toxic than the effluent liquor, and at times even 100 per cent more toxic. 
It is therefore a matter for consideration whether it would not be desirable to submit 
the devil liquor to separate treatment by evaporation, say, by exhaust steam, — 
a practice which is followed by some gas works within the author’s knowledge. 

In this connection it is important to bear in mind that it is possible to separate 
from the devil liquor an oleaginous body which is known in works parlance as “ devil 
oil.” Quantities of this oil are also collected from the seal pots of the waste gas mains 
prior to the gases being introduced to the oxide of iron heaps, Claus kiln, or spent 
oxide burners, according to the practice followed. An analysis of devil oil made by 
W. Kirby, B.Sc., is subjoined below, together with some observations which may be 
of interest ; — 


Average. Per 100 Vols. of Total Effluent. 

® 1 

23 - =65 (Liquor distilled). 

. 33 J 

jg I =35 (Added in still). 

100 


Analysis of Devil 

Oil 


Sp. gr. 1-015 



Pyridine bases 

42 per 

cent 

Tar Acids .... 

13 „ 

5J 

Benzonitrile 

5 „ 

55 

Neutral Oils 

31 „ 

55 

Naphthalene 

9 „ 

55 
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TLe pyridine bases consist of approximately 40 per cent pyridine, the remaining 60 
per cent being constituted of picolines and lutidines. Contrary to expectations the 
tar acids contain very little phenol and consist almost wholly of cresols. ^ 

The neutral oils contain traces of toluene and xylenes ; the boiling range is 
similar to that of a creosote fraction from coal tar. Devil oil is saturated with a 
number of poisonous gases— sulphuretted hydrogen, hydrogen cyanide and^ carbon 
dioxide, which help to give it a penetrating sickly odour. A peculiarity of this odour 
is its extreme persistence where actual contact with the oil has taken place. 

The colour of spent liquor on discharge from the stills is pale straw, but on 
exposure to the air it becomes dark brown. The coloration has relation to the 
presence of oxidisable organic bodies, and only reveals itself in alkaline solution. 
Dr. Bailey remarks that the effect of passing carbon dioxide through the effluent 
liquor has been tried in several cases with gas works liquor, but in no case was the 
colour discharged, neither was there any discernible separation of lime salts in either 
hot or cold solution. It is known that a sensible proportion of the alkalinity of effluent 
liquor is due to traces of mivolatilised ammonia and pyridine. Boiling will remove 
the latter constituent, but the remaining alkalinity is fixed, due to the presence of 
free lime. Summarising the results of a series of experiments, Dr. Bailey says : 

“ (1) Volatilisation of phenol is poor with a liquor feed of 7-6 c.c. per minute 
(Expt. No. 1 (a)). The relatively small amounts of liquor vaporised in B and con- 
densed in C indicate that contact of liquor and steam^ was imperfect cold liquor 
appears to have descended on one side and steam and air ascended on the other. 

“ (2) Volatilisation of phenol is satisfactory in Expts. 1 {b) and 2 (a), but the 
high exit temperature of B (96-97° C.) has led to undue volatilisation of water. _ 

“ (3) The effect of doubling the rate of air current in promoting volatilisation 
of phenol is seen in Expt. 2 (c), where the efficiency is 91 per cent wfith a scrubber 

exit temperature of 84° C., as against 68 per cent with an exit temperature of 

91° C. in Expt. 2 (6). _ _ . j ■ n ^ -n 

“ (4) Comparison of the relative weights of phenol condensed m C and D 

respectively indicates that phenol has a perceptible vapour tension in aqueous 
solution at 80-85° C., even at the low concentration of 0-1 grm. CgHeOH per 100 c.c. 

“ The size of the scrubber needed to deal with four thousand gallons of effluent 
per twenty-four hours, which is the amount produced in the manufacture of one 
ton of sulphate of ammonia, is given, basing on a 90 per cent efficiency, as follows : 


“ Phenol in liquor, 0-119 lb. per 10 gallons 
90 per cent of this gives the amount to be 
volatilised 

13 litres or 0-46 cubic feet of air will volatilise 
0-098 grm. 

Whence, volume of boiler fire gases (0° C. 
and 760 mm.) required to vaporise 42- 8 lb. 
phenol 


= 47-6 lb. per 24 hours. 

-42-8 lb. 

= 0-000216 lb. phenol. 
=91,000 cubic feet per 24 
V hours, or 1-05 cubic feet 

J per second. 
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“ Of tliis volume, 28,000 cub. ft., or less than one- third, would suffice to 
decolorise the effluent. 

“ As regards the size of scrubber needed to effect the treatment, it may be 
calculated from the apparatus used that a scrubber 16 ft. high by 3 ft. diameter, 
packed for 13 ft., would serve quite well. 

“ Confirmatory data were obtained at the works by means of an apparatus of 
laboratory dimensions erected at the boiler flue by the works chemist, and 
operated by him under conditions similar to those observed in the experiments 
described above. 

“ The apparatus consisted of a metal cylinder 18 in. high by 5 in. diameter 
( =0-205 cub. ft.), packed with small pieces of hard coke. Effluent spent liquor from, 
the settling pits was fed on to the scrubber hot (80° C.), and in its descent it met an 
upward current of boiler fire gases (total acidity equivalent to about 1 grain H2SO4. 
per cub. ft.), driven in at the base of the scrubber by a Bunsen pump operating; 
as a steam injector. The volatilised phenol and water vapour escaped into the air 
from the top of the scrubber. 

“Working thus at different rates of flow, it was found that the maximum 
rate of feed consistent with due decolorisation of the liquor was 160 c.c. per minute, 
or 240 gallons of liquor per cub. ft. of packing per 24 hours.” 


Dephenolating Pkooess — Large-scale Operation 

Large-scale experiments, based on the above preliminary trials, were put into 
operation at the Hornsey Gas Works by J. W. Buckley, the engineer. In course of 
time this plant developed into two scrubbers, apparently old boiler tubes, with 
accessory parts, steam injector, and connections. Both scrubbers were lagged in 
order to aid more efficient volatilisation of the phenoloid bodies. 

The use of a fan at the outlet of the scrubbers has been recommended. This 
fan would be used to pull flue gases through the latter apparatus under suction. 

Given an adequate volume of flue gases, there is reason to believe that the major 
portion of the phenols can be removed by volatilisation. Indeed, with the plant at 
Ilornsey, treating the whole of the effluent liquors produced in the manufacture of 
2|--3 tons of sulphate of ammonia per twenty-four hours, it seems from results indi- 
cated by Dr. Bailey in the 1922 Alkali Report that 71 per cent of the phenols were 
vaporised, with a reduction in the “ oxygen absorbed ” figure of 42 per cent. 

Careful consideration suggests that the merit of the dephenolating process 
resides in the removal of the major portion of the phenols, which may account for 
from 50 to 70 per cent of the “ oxygen absorbed.” Such a process, working in 
conjunction with bacterial beds, which would then be largely confined to the treat- 
ment of the thiocyanate and thiosulphate contents of the effluent liquor, would 
undoubtedly constitute a very satisfactory process, calculated to give a tolerably 
innocuous spent liquor. Of course, it will be realised that the economics of the 
combined processes will need to be considered. 
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Lime Sludge 

Analyses of the lime sludge produced at various works will vary widely. If lime 
is being used efficiently, the major portion of tke sludge should be calcium sulphate, 
with a little calcium carbonate, due to atmospheric carbonation,^ and a little free lime 
as hydrate. At one ammonium sulphate works, the sludge arising from which the 
author had occasion to examine, it was found that an analysis of the dried material 
gave the following results : 

Table 60 


CaSO^ 

. 24-00 per cent. 

CaCOg 

. 34-77 „ „ 

CaO . 

. 39-35 „ „ 

SiOg 

. 1-42 „ „ 


99-54 „ „ 


The calcium carbonate and calcium oxide figures are far too high, and indicate 
that an excess of lime was being used. Attention has already been directed to the 
importance of carefully controlling the feed of lime to the stills in Chapter VIIL, but 
it is interesting to consider what a slight excess of free lime in the effluent lic^uor means. 
Consider a works making 3 tons of sulphate of ammonia 25-5 per cent NHg per day 
from gas liquor having a strength of 8 oz. (1-73 per cent NH 3 ), and basing on a 95 per 
cent efficiency, 11,416 gallons will need to be distilled, and the liquor emerging from 
the stills as effluent spent liquor will be about 50 per cent in addition, namely 17,124 

gallons, representing a total weight of 76-4 tons. 

Now 0-1 per cent of free lime in such an effluent will represent 1-528 cwt. As the 
theoretical lime consumption, based on 20 per cent fixed ammonia, is 0-255 ton NHg 

x3xi5^xi = 3-22 cwt fixed ammonia, or 5-3 cwt. CaO, it will be seen that a small 
95 5 

excess of 0-1 per cent of free lime in the effluent liquor represents a surplus of lime 
of 28 per cent. If the formation of unnecessary sludge is to be avoided, attention 
to the feed of lime to the stills cannot be too vigilant. One ton of excess lime repre- 
sents 2 |- tons of sludge, when based on a 60 per cent content of water (which is a 
usual content in lime sludge). 

Occasional analyses of the lime deposit are desirable, as afiording an extra check 
on the free calcium hydrate content of the effluent liquor. 

The question of the use of lime sludge on the land has often been raised, but as 
far as can be ascertained no definite or sustained trials have been made. Its utility 
depends on the easy oxidisability of the associated compounds. It is not incon- 
ceivable that this material may be used for partial sterilisation, as it contains traces 
of naphthalene and phenoloid bodies. Of course, to be effective for this purpose, the 
protozoa in the soil and a good many of the bacteria must be destroyed, but the 
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spores of these would probably be retained in a living state, and would ultimately 
become active. This would mean that the injurious effects of the bodies named in 
a waste product such as lime sludge must have disappeared before any cultivated 
crop was put on the land. 

The best use of lime sludge would appear to lie in the production of mortar, or 
as a raw product in the manufacture of cement, or bricks. 


The Eecovery of Ferrocyanides and Sulphocyanides from Effluent Liquor 

As has been remarked, many processes have been suggested for the recovery of 
ferrocyanides and sulphocyanides from the effluent spent liquor, but none appears to 
have gained great popularity. 

The ferrocyanides and sulphocyanides present in gas liquor exist as fixed 
ammonium compounds, and are decomposed in the fixed ammonia still by the use of 
milk of lime. Calcium ferrocyanide and sulphocyanide are formed, and ammonia 
is liberated thus : 

2NH4 CNS + CaO = Ca(CNS)2 + 2NH3 + H^O. 

(NH4) Fe(CN) 6 + 2 CaO =Ca2Fe(CN)6 + 4N.H3 + 2H2O. 

In one method of recovery the effluent liquor was run into a tank, from which it 
was pumped to the top of a tower filled with coke or other suitable filling. Irrigation 
of the packing medium was effected, and sulphur dioxide and carbonic acid were 
passed through the tower. In this way the alkalinity of the liquor was destroyed, 
and a slight acidity secured. The liquor leaving the base of the scrubber passed 
through a weir into one of the larger compartments of a settling tank. Here the 
effluent was treated with ferrous and ferric salts, and in this way the ferrocyanide was 
precipitated as Prussian blue. 

After settlement, the supernatent liquor was run off and treated for the recovery 
of sulphocyanides. The only suitable insoluble sulphocyanide, from a practical 
point of view, is that of copper. Hence copper was the medium by which the recovery 
was effected. In a second tank a solution of a salt of copper — copper sulphate — 
was added, and the insoluble white cupreous sulphocyanide precipitated thus : 

Ca2(CNS)2 + H2SO3 + 2CUSO4 + ^ 2 ^ = Ca2(CSN)2 + CaSO, + H2SO4. 

Assuming the liquor had not been treated initially with sulphurous acid gas, 
black cupric sulphocyanide is produced, which is partly soluble. 

On settlement, the clear liquid was run to the drains or sewers, as it was then 
regarded as innocuous. No data, however, appear to exist as to the “ oxygen 
absorbed ” figure. In all probability the importance of this test had not in those days 
been disclosed. 

The precipitate remained in the tank, pending the collection of a sufficient 
quantity to justify treatment. The precipitated cupreous sulphocyanide was well 
washed to remove impurities, and treated with an alkaline sulphydrate, which 
decomposes into an alkaline sulphocyanide in solution, and a precipitate of sulphide 
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of coppei. Advantage is again taken of the waste products by passing tke foM 
gases from tke saturator tbrougb a simple form of tower containing an alkali in 
solution, to produce an alkaline sulpbydrate for decomposing. 

Tke sulpkide of copper is reconverted into a copper salt by exposure to air and 
tken dissolved in acid. In tkis way copper sulpkate is regenerated, and tke cupreous 
sulpkocyanide can be converted into potassium cyanide by a direct process. 

Details of tke latter process were worked out by G. P. Lewis, who estimated in 
tke days when it was propounded that, if tke process were worked on a sufficiently 
large scale, it would yield a gross profit of about 3|d. per ton of coal carbonised, after 
making due allowances for tke cost of materials, fuel, labour, and depreciation. 

J. Radclifie was granted a patent for a method of recovery of sulpkocyamdes 
from spent liquors in muck tke same way as that just outlined. Tke neutralised or 
slightly acid liquor is run into a tank to which is added a regulated amount of copper 
salt solution in a continuous manner. If tke copper salt is in tke cupric state, 
reduction to the cupreous state is effected by tke addition of sulphurous acid. Tke 
cupreous sulpkocyanide formed is separated by filter pressing, and by tke aid of an 
alkali it is transformed into CugO and marketable cyanogen compounds. 

Tke elimination of any copper in tke filtered liquor is effected by means of lime, 
or an alkali, or metallic iron. Spent liquor is tken discharged in an innocuous state. 

It is feared to-day that these processes are not commercially sound, although it is 
certain that the result of tke treatment of tke effiuent liquors in tke manner outlined 
would be beneficial. 

How far tke three methods which have been described can be combined so as 
to ensure a suitable effluent liquor for discharge is a matter for consideration and 
trial, but in any event it is certain that economic considerations are paramount 
in these days when tke revenue from ammoniacal liquor has been sensibly reduced 
as contrasted with pre-War days. 


CHAPTEE XVI 


THE USE OF CONCENTEATED AMMONIA LIQUOE IN THE 
PUEIFICATION OF CEUDE COAL GAS 

Tpie idea of the use of concentrated ammonia liquor for the purification of crude 
coal gas dates from 1817, when D. Wilson, of Dublin, took out a patent for purifying 
coal gas by means of the chemical action of ammoniacal gas. 

Eeference to the above circumstance is made in A Historical Sketch of the 
Origin and Progress of Gas Lighting, by Wm. Matthews (2nd edition, 1832). The 
method was again revived by Laming in 1860. He apparently purified his 
ammoniacal liquor by oxide of iron. In this way hydrogen sulphide was removed, 
and the purified liquor was fed to, and suitably distributed over, the packing medium 
of the scrubbers. It is recorded that this process was applied at the Bow Common 
Gas Works, and as far as one can ascertain it was successful in the removal of the 
bulk of the HgS. Later, Hathaway introduced an improvement by which the 
furnace gases used in heating the retorts were utilised to effect the decomposition of 
the ammonium sulphide and the ammonium hydrosulphide of the gas liquor. The 
furnace gases from the retort settings were led to a scrubber through which 
ammoniacal liquor was passed. Eecords can be found which indicate that the 
process was a success so far as the elimination of H 2 S was concerned ; but it appears 
that this modus operandi was abandoned by reason of the loss of ammonia. 

Subsequently, the late F. C. Hills discovered that by heating gas liquor to a 
temperature of about 80° C. he could drive off the COg and LlgS without losing 
ammonia — thereby securing a caustic ammonia. The Hills process of liquid 
purification was introduced by Livesey, and put into operation at the Old Kent 
Eoad Gas Works many years ago, and a considerable portion of the gas produced 
at that works was for many years partially purified from HgS and COg. Later, 
Claus further adapted the process devised and worked by Hills, and installed plant 
and operated his process at the Windsor Street Gas Works of the Birmingham 
Corporation. Afterwards the Claus process was applied on a larger scale at the 
Belfast Corporation Gas Works. 

In a contribution to the Institution of Gas Engineers, Stelfox described the 
operation of the process, furnished results, and, with commendable frankness, 
ascribed its failure to a so-called spectre— presumably a somewhat obscure loss of 
ammonia arising in the operation of the plant. 

In more recent times liquid purification was introduced for a time by Holgate 
at the Halifax Gas Works, and by Davidson at Birmingham. It is not unlikely 
that success would have been achieved but for the outbreak of war. The foregoing 

is merely an epitomised historical survey. 
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The Process op Liquid Purieication : Operations 
AND Considerations involved 

In general, the process of liquid purification contemplates tlie complete purifica- 
tion of gas by effecting the combination of tbe acid and alkaline impurities to form 
salts, whicb are readily soluble in water or weak ammoniacal solutions in circulation 
in a series of suitable towers. 

The process is one which is in operation continuously in all gas works every 
day. As, however, the acid impurities preponderate, ammonia must be added in 
adequate quantity to obtain the necessary combination. 

The process involves four operations, as follows : 

(1) That in which the gas is purified. 

(2) That in which the dissociation of the ammonium compounds — such as 

ammonium sulphide,, ammonium hydrosulphide, ammonium carbonate, 
and ammonium bicarbonate — is effected in order to remove the acid gases 
from the foul liquor. 

(3) That in which the purified liquor is distilled, with consequent production of 

caustic ammonia, which is used in the scrubbers for arresting the acid 
impurities. 

(4) That in which the acid gases arising from the dissociation of the ammoniacal 

liquor are utilised {a) by combustion for the production of SOg in con- 
nection with the manufacture of sulphuric acid, or (6) where the HgS is 
recovered as Claus sulphur. 

Theoretical Phases op the Process 

Before proceeding to a detailed consideration of the various operations necessi- 
tated in liquid purification, it will not be inexpedient to examine certain theoretical 
phases of the process in the light of the practical data available. Analyses reveal 
the presence of from 560 to 700 grains of HgS per 100 cub. ft. of gas at the inlet 
to the purifiers ; or, assuming in all cases a make of 13,000 cub. ft. of gas per ton 
of coal carbonised, this represents 10-21 to 13 lb. of HgS per ton of coal. Also 
30 to 40 grains of CSg (more often 30 than 40) are present per 100 cub. ft. of gas 
at the inlet to the purifiers, or 0-56 to 0-74 lb. of CSg per ton of coal. Approximately 
90 grains of HCN are present per 100 cub. ft. on the outlet of the last scrubber, 
or 1-67 lb. of HCN per ton of coal. Approximately 1800 grains of COg per 100 
cub. ft. are present in the gas on the inlet to the washers, and 350 grains of COg 
per 100 cub. ft. are absorbed by the gas liquor in the washers and scrubbers. 
Thus 1450 grains of COg per 100 cub, ft. must be removed in any process of 
liquid purification, or 30-6 lb. of COg, 0-74 lb. of CSg, and 1-67 lb. of HCN have to 
be removed per ton of coal carbonised. To what extent will it be necessary to 
augment the circulation of ammonia in order to secure the combination of the acid 
impurities ? The reactions involved, viewed in the simplest form, are as follows : 
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(а) 2NH40H + H2S = (NH4)2S+H20 

as NHg 34-34. 

(б) NH^OH + HgS^NH^HS+HaO 

as NHg 17-34. 

(c) 2NH40H + C02 = 2(NH4)C0g + H20 
as NHg 34-44. 

{d) NH^OH + COa^NH^HCOg + HgO 
as NHg 17-44. ■ 

*(e) (NH4)2S+CS2 = (NH4)2CS3 
as NHg 34-76. 

*(/) NH 4 OH + HCN (NH) 2 S 2 = NH 4 SCN + (NH 4 ) 2 S 
as NHg 17-27. 

It is conceivable that other and more involved reactions than those marked by 
the asterisks (*) would occur ; and it is equally conceivable that neither of the two 
reactions proceeds to completion. Ground Sicilian thirds sulphur could be intro- 
duced to the scrubbers in a suitable form in order to promote the formation of 
ammonium polysulphides, with a view to facilitating the removal of the HCN — one 
of the bugbears of the gas engineer, by reason of the destruction caused to plant, 
mains, and meters, etc. If it were deemed desirable to recover the hydrocyanic 
acid in such a form as to yield a product with a satisfactory monetary value, possibly 
an installation of two purifiers of adequate size, charged with suitable spent oxide, 
and worked on the basis of the Williams process— interposed between the tar 
extractor and the closed purification plant — ^would serve the purpose. 

The liquor, consisting chiefly of ammonium sulphate and ammonium sulpho- 
cyanide, together with smaller quantities of free ammonium compounds and sulphate 
of iron, etc., resulting from the spraying of the spent oxide containing the arrested 
cyanide compounds, with water under jmessure, could be collected and distilled with 
an alkali. 

Alternatively the Davis-Neill process for the removal of cyanides could be 
adopted. 

Proceeding now to the equations : 

13 lb. of HgS, based on reaction (a), will be removed by 13 lb. of NHg ; and 

30-6 lb. of CO2, based on reaction (c), will be removed by 23-7 lb. of NHg. 

0-74 lb. of CSg may conceivably be removed by 0-33 lb. of NHg (ammonia), 
and 1-67 lb. of HCN may conceivably be removed by 1-05 lb. of NHg. 

Altogether, 38-08 lb. of ammonia are required in circulation to effect the com- 
bination of the acid impurities in the crude coal gas. 

The yield of ammonia per ton of coal carbonised may be based on the production 
of ammonium sulphate, which may be regarded as being equivalent to 30 lb., containing 
25 per cent of ammonia per ton of coal carbonised. In other words, 7-5 lb. of HNg 
are recovered. 

No attempt has been made to determine the extent to which the reactions 
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represented by equations (6) and (d) proceed, or to establisb tbe factors whicb are 
likely to govern tbe limit to whicb tke reactions as represented by equations (e) and 
(/) will proceed. These are doubtful points wbicli demand research. In any case, 
the quantity of ammonia required in circulation is not materially affected by the 
reactions in question. Indeed, an allowance of 5 per cent would conceivably cover 
all four reactions. It is evident, therefore, from the data already furnished, that 
38*08 

=5-077 times the quantity of NHg present in the gas is the minimum quantity 

7" 5 

required for ensuring the satisfactory purification of the crude coal gas by the process 
under review. 

As the volume and composition of the gas vary from day to day — even from 
hour to hour — these variations can only be satisfactorily met by maintaining in stock 
in the scrubbers or circulating tanks (if used) an excess quantity of caustic ammonia, 
so as to provide against any conceivable variations or contingencies that may arise. 
The author would certainly recommend the circulation of at least seven times the 
quantity of ammonia available in the gas normally, so as to form the necessary 
reserve suggested. 

Details of Design and Arrangement of Plant 

Coming now to the design and arrangement of the plant for effecting the purifica- 
tion of gas by the method under review, and taking these seriatim, past experience 
would suggest that this portion of the plant should embody at least three essentials : 

(1) Adequate contact should be obtained between the crude coal gas and the 

re-circulated gaseous ammonia, in order to allow of the formation of the 
soluble ammonium compounds which are to be absorbed in the ammoniacal 
solutions and water being circulated. As the reactions involved necessitate 
time, as also does the absorption of the soluble ammonium compounds, the 
size of the vessels and the free space of the packing medium (assuming 
packed scrubbers are used) should be sufficiently large to allow of these 
desiderata being secured. 

(2) The gas to be purified should be freed as effectually as possible from tar and 

hydrocarbons, which are likely to accumulate and eventually prevent the 
satisfactory and efficient working of the packing medium used. 

(3) The relative merits and demerits should be carefully considered of {a) 

vertical scrubbers provided with suitable filling medium, which necessitate 
the installation of a series of bottom circulating tanks and pumps ; (b) 
horizontally disposed mechanical washer-scrubbers arranged in cascade 
form, in which a counter-current is established between the gas and re- 
circulated gaseous ammonia and the absorbing liquors and water. 

Advantage could be taken in many cases of the varying levels of the site on which 
the projected plant is to be erected to dispense with the necessity for pumping the 
liquors to be circulated. 
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In this way loss of ammonia by spillage at the pump glands would be averted, 
as also that which is carried away with the displaced air from the storage tanks. 
These sources of loss in the past have contributed largely to the failure of liquid 
purification as a practical process. Indeed, in the writer’s view, herein lies the 
possibility of relegating to the limbo of forgotten things the spectre of which Stelfox 
so eloquently spoke. 

Experimental Plant 

In the lucid paper on the Claus ammonia process of gas purification read by 
Chas. Hunt to the Gas Institute in 1886, dimensions are given of the experimental 
plant he operated. Six scrubbers in all were used for the purification of the gas — 
five being 4 ft. square and 20 ft. high, filled with broken ganister bricks supported 
on cross angle-irons, while the sixth scrubber was 5 ft. in diameter, and 25 ft. high. 
The function of the latter apparatus was as a “ finisher or “ catch,” in order to 
arrest the last traces of impurity. The plant described was said to be equal to the 
purification of about 250,000 cub. ft. of gas per diem, a maximum of 300,000 cub. ft. 
having been obtained. Assuming the free space of the ganister brick packing per 
cubic foot to be 0-4, and the superficial free space per square foot to be 0-35 (not 
improbable figures), the velocity of the gas would be : 

250,000 1 o a L 

X = 2-9 cub. ft. per second. 

24 3600 ^ 


The superficial free space of the scrubbers Nos. 1 to 5 is 4 ft. by 4 ft. = 16 sq. ft. 
x35 per cent = 5- 6 sq. ft. 

2-9 

(a) Velocity = — = 0-52 ft. per second. 


Superficial free space of the final catch tower 5 ft. by 5 ft. by 0-78 = 19-5 sq. ft. 
19-5 sq. ft. X 35 per cent = 6- 825 sq. ft. 

(b) Velocity =- — =0-42 ft. per second. 

^ ^ 6-825 ^ 


The total time-contact in the plant cited would be 251 seconds, or 4 min. 11 secs. 
From fairly extended experience of chemical reactions almost identical in character 
to those arising in liquid purification, the writer would be inclined to double the time- 
contact as the only certain way of securing efficient purification. As, however, such 
provision entails the duplication of the plant, and as any such duplication involves 
capital outlay, it is desirable to examine other arrangements of plant in the hope that 
the necessary time-contact, or something equivalent to it, may be attained without 
incurring twice the initial expenditure. 

The plant under immediate consideration admits of reaction between the gaseous 
impurities and the liquid absorbents by film or surface-contact. However effective 
the wetted surface of the packing medium may be, or however absorbent or porous, 
or however tortuous or devious the path of the gases may be, those who have had 
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occasion to investigate the conditions affecting the absorption of soluble salts by 
liquids possessing considerable power of absorption know that (other things being 
equal) film-contact is not nearly so effective as the actual bubbling of the gaseous 
compounds to be absorbed through the absorbing medium, provided something 
approaching equable distribution of the gases through the available liquid space is 
secured. 

The positive nature of the contact, where the actual forcing of the gases through the 
absorbing medium is effected, is strikingly demonstrated if one attempts to compare 
the absorption of the released gases from the dissociator of a concentrated ammonia 

liquor plant working under 
identical conditions : (a) In 
an absorber constituted of 
a series of trays, arranged 
in such a form as only to 
allow of film contact ; and 
(6) an absorber . where the 
gases have to be efficiently 
distributed through a definite 
number of seals of absorbing 
liquor. The size of the plant 
in example (a) will be more 
than twice the size of the 
plant in example (&). Only 
one drawback attends the 
latter. This is the extra re- 
sistance or back - pressure 
caused by actually forcing 
the gases througl^^ a series of 
seals as comparld with the 
skin friction arising from 
film-contact. This leads the 
, , , _ . author to the view that the 

scrubbers for admitting the combination of the acid and alkaline impurities and the 
absorption of the soluble ammonium salts so formed should embrace some positive 
arrangement of actual contact. Further, with a view to obviating the pumping 
of the absorbing liquor from tower to tower, and the provision of storage tanks 
at the foot of such towers, a series of horizontally disposed water-scrubbers of the 
Irepex type, designed to give positive contact, would be a decided advantage. If 
the latter plant embodied at the same time an arrangement for atomisation by the 
operation of a splasher, and if the various Trepex vessels were arranged in cascade 
form, so as to admit of the circulating liquors gravitating from vessel to vessel 
no doubt a satisfactory solution would be afforded to the difficulties which it appears 
obsessed the minds and dogged the original workers of this process through the whole 
period of their experiments. A sketch of the Trepex apparatus is given in fig. 160, 
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but the arrangement illustrated does not embody any definite seal. Such provision 
can easily be made. 

It is not necessary here to treat of the dissociation of gas liquor in the production 
of caustic ammonia. This aspect has been dealt with in Chapter XII. Neither is it 
necessary to proceed to a description of the treatment of the waste gases (hydrogen 
sulphide, carbon dioxide, and hydrogen cyanide, etc.) leaving the dissociator. 
Chapter XIV. has been assigned to a consideration of this phase. 


Arrangement of Liquid Purification Plant 

To give an idea of the arrangement of plant, and the quantity of liquor to be 
dealt with, it will be assumed that liquid purification is proposed at a works carbonis- 
ing 500 tons of coal per day. 

To avoid circulating a large volume of concentrated ammonia liquor (caustic 
ammonia), and to reduce the cost of steam in the process of desulphurisation, etc., 
it will be appreciated that the higher the content of ammonia in the caustic liquor 
the better. The author’s experience leads him to the view that caustic ammonia 
containing 6-3 per cent NHg can be advantageously used without risk of undue loss. 

It may be counted that 42 gallons of gas liquor of 1-8 per cent NH 3 are pro- 
duced per ton of coal carbonised. Thus, 500 x 42 =21,000 gallons will represent the 
quantity of liquor produced per day, but the volume to be circulated will be : 

21,000 galls. X 7 times the daily quantity x 1-8 per cent NH 3 of ammonia produced, 
6-3 (the content of ammonia in the caustic ammonia to be circulated) 

= 42,000 gallons. 

The author suggests that the decomposing plant should be operated at a 
pressure of, say, 30-40 lb. per square inch, in a steel dissociator. The idea under- 
lying the i|se of a comparatively high pressure is based on an appreciation of the 
fact that al atmospheric pressure only a small range of temperature exists between 
the dissociation point of carbonate and sulphide of ammonium and the boiling- 
point of water, and as the solvent power of water for ammonia at these temperatures 
at ordinary atmospheric pressure is small, the process must be conducted slowly in 
large vessels, if loss is to be avoided. 

If the process is conducted under considerable pressure, say, 30 lb. per square 
inch, as suggested, a greater quantity of caustic ammonia can be held in solution by 
the water while dissociation of the carbonate and sulphide is not sensibly affected ; 
thus stronger crude gas liquor can safely be employed. 

Moreover, working with a pressure in the dissociator in question, it will be 
possible to feed the caustic ammonia to the finished still, without having recourse 
to pumping. This is a decided advantage. 
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Finishing Still 

This should be of suitable size, and designed on the lines which have been 
indicated under “ Ammonia Stills.” Further, the dephlegmators for ensuring the 
production of gaseous ammonia free from water should be of adequate size, cooled ^ 

by partially preheated liquor of a definite temperature, so as to avoid returning to 
the still a reflux of high ammonia content. 

The condensers should be of efficient design, so as to avoid taxing the gas liquor 
plant with additional cooling. This is essential in view of the fact that gaseous > 

ammonia has to be introduced to the inlet of the exhauster after the condensers. 

The Suggested Liquid Purification Plant 

Fig. 161 shows a complete liquid purification plant as designed by the author, 
embodying most of the features outlined, all of which are directed to rendering the ( 

process comparable, economically, with that of dry purification as practised to-day. 

Method of Working the Plant 

I 

From the point of view of operation, the plant outlined in fig. 161 can be , 

broadly divided into two parts ; (a) the absorption, or purification portion of the I 

plant, where the caustic ammonia arrests the impurities of the crude coal gas to ; 

form ammonium salts, which are dissolved in water and ammoniacal solution, and 
(6) the plant in which the desulphurisation and decarbonation of the resultant gas 
liquor and the production of caustic ammonia are undertaken. 

One man per shift should be able to operate the first section of the plant, and t 

a man and boy per shift should be able to work the second section of the plant. 

It will be necessary to carry at least a day’s reserve of caustic ammonia, in the 

event of anything untoward happening to the plant comprising the second section. v 

Given satisfactory working, the production of caustic ammonia would practically ' 

coincide with that which is being circulated through the purification section. 

Chemical control would be necessary, but it is assumed that this would not be 
greater than that needed in connection with solid purification as practised to-day. 

Technical Aspect j 

From the technical and chemical points of view there is no reason why con- 
centrated ammonia liquor should not be successfully employed in the purification of 
crude coal gas. Indeed, a higher standard of purity of the final gas should be 
obtained than is possible with the present system of dry purification. i 

Whether it is wise to attempt to eliminate the whole of the impurities of the 
gas by liquid purification is a matter of doubt. The author’s view is that the limit 
of expediency is reached at 90 per cent — the remaining 10 per cent of the impurities 
is best removed by dry purification. It should be remarked that the circulation 
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of fairly strong ammoniacal solutions and the subsequent recovery of caustic 
ammonia is undertaken on a very large scale in the manufacture of soda ash by 
the ammonia-soda process, and there is no reason why concentrated ammonia liquor 
should not be used as the medium by which the elimination of the bulk of the 
impurities of crude coal gas is ejected. 


Financial Aspect 

Financial considerations have largely deterred gas undertakings from embarkiim 
on the wet process of purification during recent years. Figures do not appear to be 
available as representmg the approximate cost of the wet purification process The 
following cost sheet, prepared by the author, is intended to give a reasonably 
accurate idea of the cost entailed in the purification of crude coal gas' by caustic 

p.TnmriTna ° 


Table 61 


(1) Steam, 25 per cent (on 6-3 per cent NH3) on 42,000 lb. of 

liquor, @ 4s. per ton of steam 

(2) Labour, 6 men and 3 boys @ 12s. and 9s. per shift re- 

spectively ..... 

(3) 10 cwt. of lime @ 35s. per ton 

(4) Repairs and maintenance, say 5 per cent on capital 

(5) Interest and depreciation on plant, £6000 at 10 per cent 

for 1 day (say) . . . , _ 


£9 7 6 

4 19 0 

0 17 6 

1 0 0 

2 0 0 


£18 4 0 


364s. 


500 tons of coal per day ^®P^®s®^ting the purification of the coal gas 

from the carbonisation of one ton of coal. 

The cost for dry purification of gas at the three largest London works for the 
year 1922, accordmg to Fold's Analysis, was 0.62d. per thousand cubic feet. Basing 

irteen thousand cubic feet per ton, this represents a cost of 6-76d per ton of 
coal carbonised. ‘ ^ 

Of course, the former figure only cowers the purification of 90 per cent of the 
crude coal gas, but it should be noted that no credit is given for the sulphur recovered 
The latter figure constitutes the cost of the complete dry purification 

It IS believed by some that one of the principal attractions of the liquid purifica- 
tion process disappeared with the introduction of the Gas Regulation Act of 1920 
but the author does not subscribe to this view. There are many possibilities for the 
application of a simple proems of liquid purification, and it would appear that coke 
oven works afiord a peculiarly suitable field in this connection. 


CHAPTER XVII 


CARBONATION OE GAS LIQUOR, AND THE DISTILLATION 
OF THE CARBONATED LIQUOR 

The carbonation of gas liquor is a preliminary step in tbe manufacture of ammonium 
carbonate. Many methods have been proposed during the last few decades for the 
manufacture of this ammonium product. Some manufacturers prefer to use sulphate 
of ammonia and calcium carbonate (chalk) mixed in the proportion of one of the 
former to one and a half to two of the latter. This mixture is heated in an iron 
retort, and a little steam is used. The resulting volatilised product is ammonium 
carbonate. 

Others -prefer to distil pure liquor ammonia and produce ammonia gas with 
just the required humidity, to give with the gaseous carbon dioxide produced in a 
lime kiln, ammonium carbonate, when the constituents are brought together in a 
suitable subliming chamber. In other cases ammonium chloride is used with barium 
carbonate, ammonium carbonate being obtained as the primary product, and barium 
chloride as a secondary or by-product. 

The method which has been responsible for the production of large quantities 
of ammonium carbonate in the past is one which involves the distillation of 
carbonated gas liquor. It is because this production has played such an important 
part in the past that a consideration is given here to the principles involved and 
the plant required. 


Plant required for the Carbonation op Gas Liquor 

. ^ Fig. 162 shows a plant which consists (A) of a lime kiln, (B) two condensers 
built of chemical sheet lead, and (C) a fan and (D) two scrubbers, where the dis- 
placement of the hydrogen sulphide of the gas liquor takes place by carbon dioxide, 
with (H) a pump for circulating the partially carbonated liquor. Tanks (E), (F)' 
and (G) are required respectively for partially carbonated liquor, carbonated liquor^ 
and gas liquor. 

The plant indicated is sufficiently large to produce the carbonated gas liquor 
required for the manufacture of thirty tons of carbonate of ammonia per week. 

The lime kiln shown is of an improvised type, yet it functions very satisfactorily. 
Pyrites kiln grate bars are used, and are set on angle when the kiln is under ordinary 
operation. The grate bars are periodically turned by a special key and the quick- 
lime deposited, after which chalk and breeze are fed into the kiln at the top, and 
pending satisfactory ignition of the coke breeze, the gases are discharged from the 
stack pipe of the kiln, suitable adjustable dampers being provided for this purpose 
in the kiln stack pipe, and in the connection to the condensers. Given proper 
ignition of the fuel, then the carbon dioxide and steam generated are passed into 
the condensers, and are withdrawn by the fan and discharged through the scrubbers, 
down which partially carbonated liquor or gas liquor are uniformly distributed. 
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Partially carbonated liquor is produced in the last scrubber, and this liquor is fed 
to the first scrubber, wbere carbonation is completed. 

Tbe feed of tlie scrubbers is maintained so as to give liquor practically free from 
HgS. Tbe hydrogen sulphide discharged from the last scrubber is sent forward for 
the production of sulphuric acid, or to a Claus sulphur lain, or an oxide of iron 
purifier, as local circumstances may demand. 



Bath with Pots suspended < 
in water, maintained at a 
temp, of 130°F. for about 
12 hours. 


.0 

o 

o 

o 

o 
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o 
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Second Sublimation. 


Fia. 164 . — Distillation Plant for Carbonated Liquor. 


The kiln takes a charge of 12 to 14 cwt. of chalk every six hours, and approxi- 
mately 20,000 gallons of gas liquor, 1-7 per cent NHg, are carbonated per day. 

Pig. 163 represents a similar type of plant to the one just described, except 
that a more powerful blowing engine is used, and contact between the carbon 
dioxide and gas liquor is secured by bubbling through several perforated plates 
containing f-inch diameter holes. 

This type of carbonating tower functions very efficiently. 


18 
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Distillation of the Carbonated Liquor 

TLe carbonated gas liquor is distilled in an ordinary type of still, provided 
•with suitably proportioned dephlegmators. The preheated liquor is fed to the still, 
and the ammonia, carbon dioxide, and steam are led to the first dephlegmator, 
which is cooled with cold carbonated gas liquor. Subsequently, the gases are led 
to the second dephlegmator, the cooling medium for which is water. It is important 
that the temperature of the gases emerging from the outlet of the second dephlegmator 
should be maintained at a uniform temperature of about 60° C. This temperature 
militates against possible blockage due to the formation of ammonium carbonate, 
and ensures the passage of such a quantity of steam with the ammonia and carbon 
dioxide as will produce a satisfactory quality of ammonium carbonate. 

It is important in operating the still to ensure that the whole of the 
ammonium carbonate is decomposed before adding the milk of lime for the release 
of the fixed ammonia, otherwise trouble due to blockages in the still will arise 
by reason of the formation of calcium carbonate. 

Eig. 164: shows diagrammatically the distillation plant for the carbonated 
liquor, as also the balloons in which the carbonate of ammonia is formed. Of 
course it will be appreciated that re-sublimation of the foregoing product in suitable 
vessels is necessary before the final commercial product is secured. An idea of the 
type of re-sublimation plant is afiorded in fig. 164. The lead subliming pots made 
in semicircular form with easily detachable flanges allow of ready removal of the 
final product. 


CHAPTER XVIII 


CONSIDERATIONS GOVERNING THE PRICE OF GAS LIQUOR. 
SLIDING SCALE BASIS 

Gas liquor is not sold on any uniform basis. In some cases a price per ton for 
certain strengths of liquor, delivered to railway tank wagons, or to tank barges at 
the gas works, is the method of sale ; in other cases a price per unit of ammonia 
for certain strengths of liquor obtains ; some prefer to consider offers for gas 
liquor based on a price per ton of coal carbonised, whereas a price per ounce per 
butt, or per butt of certain strengths of hquor, constitutes the basis of sale at other 
works. 

Again, fixed prices apply in connection with certain arrangements, while sliding 
scale prices obtain in others. 

The considerations governing the price of gas liquor are dependent on the 
nature of the contract whether a fixed price or a sliding scale one is to be adopted. 
Where a jQxied price is desired, it is necessary to consider (a) the content of ammonia, 
and (b) the nature of the ammonia, whether free or fixed. 

(a) Content of Ammonia . — This may vary from 1 to 4 per cent. Where it is 
desired to sell advantageously, it is obviously in the interests of all concerned that 
the gas liquor should be worked to as high a strength as possible. It is known that 
it is dij0fi.cult in summer months to produce liquor with a much higher content of 
ammonia than 2 per cent, without by-passing 3 to 4 grains of ammonia per 100 cubic 
feet to the purifiers. There would be no great objection to this course but for the 
fact that an undue excess of ammonium compounds in the spent oxide affects 
prejudicially the consumption of nitric acid or nitrate of soda at the acid works, 
which is responsible for the combustion of the spent oxide in the manufacture of 
sulphuric acid. But there is no need why aii acid catch should not be used, thus 
enabling gas works to produce gas liquor of 3 to 4 per cent strength without 
sending forward undue quantities of ammonia to the purifiers. This aspect will be 
tl^e subject of consideration in the next volume. 

It may, however, be assumed that it is a rational procedure to produce a strong 
liquor, thus lessening materially the costs of transport, and at the same time reducing 
certain of the manufacturing cost items — ^particularly steam. It is necessary to 
translate these considerations into figures to enable an adequate conception to be 
formed. 

Table 62 shows the gas liquor to be transported per ton of sulphate of 
ammonia of 25-5 per cent NHg, with varying strengths of liquor, and it also reveals 
clearly the quantity of steam required per ton of sulphate of ammonia made with 
varying strengths of liquor. ' 

When it is remembered that steam costs about five shillings per ton, even 
when generated from low-grade fuel, and that the railway rates for the conveyance 
of gas liquor may be as high as ten shillings per ton, it will be realised how important 
these items are. 
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Table 62 


Steam and Gas Liquor required per Ton of Sulphate op Ammonia 

(25-5 PER CENT NHg) MADE WITH VARYING STRENGTHS OF GaS LiQUOR 


Per Cent 
NHg in Peed 
Liquor. 

Lb. NHg per 
Ton Sulphate of 
Ammonia (25‘5 
per eent NHg). 

Tons Liquor 
per Ton of 
Sulphate of 
Ammonia (25-5 
per cent NHg). 

Lb. Steam required 
per Ton of 
Sulphate of Am- 
monia (26-5 
per cent NHg). 

Tons Steam 
required per Ton 
of Sulphate of 
Ammonia (25-5 
per cent NHg). 

Per cent Steam 
on Gas Liquor 
distilled. 

1-0 

57L2 

25-50 

6438 

2-88 

11-6 

1-5 

571-2 

17-00 

4162 

1-85 

10-9 

2'0 

571-2 

12-75 

2963 

1-32 

10-4 

2'5 

571-2 

10-20 

2423 

1-08 

10-5 

3-0 

571-2 

8-50 

2031 

0-91 

10-7 

3-5 

571-2 

7-28 

1742 

0-78 

10-7 

4'0 

571-2 

6-38 

1581 

0-71 

11-1 


(b) Nature of the Ammonia. — Manifestly, the nature of the ammonia must be 
considered, as it is much more expensive to work fixed than volatile ammonia. The 
author has, however, never seen figures submitted in this connection, but these 
are not difficult to compute. The items involved are (a) lime, (6) steam, (c) extra 
labour in the production of milk or cream of lime, and [d) labour for extra sludge 
removal. 

Table 63 


Statement having Eeference to 5000 Tons of Gas Liquor, the Total Ammonia 
Content op which is 1-73 per cent, with Fixed Ammonia Contents of 10, 
20, AND 30 per cent respectively 


Case. 

A 

B 

C 

D 

E 

P 

G 

H 

A . 

10 

8-65 

322-5 

14-71 

17-65 

48,610 

141 

27-6 

B . 

20 

17-30 

322-5 

29-42 

35-30 

97,220 

282 

55-2 

C . 

30 

25-95 

322-5 

44-13 

1 

52-95 

145,830 ■ 

423 

82-8 


Key 

A. Percentage fixed ammonia. 

B. Tons fixed ammonia in 5000 tons gas liquor (1*73 per cent total NHg). 

C. Sulphate equivalent of total ammonia in 5000 tons of gas liquor (T73 per cent NHgh 

D. Theoretical hme equivalent of fixed ammonia (tons). 

E. Theoretical lime equivalent of fixed ammonia (tons), plus 20 per cent. 

F. Gallons water required to give 12° Tw. milk of lime. 

G. Tons steam required to raise water for milk of lime from 70° C. to 105° C. 

H. Tons sludge containing 60 per cent H 20 -l-CaS 04 from 20 per cent of fixed ammonia 

and excess lime as calcium hydrate. 

From the above figures it is possible to arrive at estimated cost sheets in the 
cases A, B, and C. These are appended separately (Table 64). 


CONBIDERATIONS GOVERNING THE PRICE OF GAS LIQUOR 277 


Take as an example 5000 tons of liquor at 1-73 per cent total ammonia, of 
wkicli in Case A the fixed ammonia is 10 per cent of tlie total, in Case B 20 per cent 
of tlie total, and in Case C 30 per cent of tke total. 

It is desired to determine wkat the extra cost of manufacture will be per ton 
of sulphate of ammonia, 25-5 per cent NH 3 , given a 95 per cent working efficiency, 
and a lime consumption of (say) 20 per cent in excess of the theoretical. 
Table 63 furnishes full details from the point of view of lime, steam, water, and 
sludge, taking a 12 ° Tw. solution of milk of lime as the basis of the calculations. 


Table 64 


Cost Sheets 


Case A 


Lime — 17-65 tons 35s. .... 

. £30 17 

9 

Steam — 141 tons @ 5s. 

. 35 

5 

0 

Water — 48,610 gallons @ 7d. per 1000 gallons 

1 

8 

4 

Sludge removal — 27- 6 tons @ Is. 

1 

7 

7 

Labour (milk of lime preparation) (about) 

4 

0 

0 


£72 

18 

8 


£72 : 18 : 8 

322-5 tons of sulphate of ammonia 


6 d. per ton. 


Case B 


Lime — 35-30 tons @ 35s. .... 

. £61 

15 

6 

Steam — 282 tons @ 5s. 

. 70 

10 

0 

Water— 97,220 gallons @ 7d. per 1000 gallons 

2 

16 

8 

Sludge removal — 55-2 tons @ Is. . 

2 

15 

2 

Labour (milk of lime preparation) (about) 

8 

0 

0 


£145 17 4 


£145 : 17 : 4 

322-5 tons of sulphate of ammonia 


= 9s. per ton. 


Case C 


Lime — 52-95 tons @ 35s. ..... 

. £92 

13 

3 

Steam — 423 tons @ 5s. 

. 105 

15 

0 

Water — 145,830 gallons @ 7d. per 1000 gallons 

4 

5 

0 

Sludge removal — 82-8 tons Is. . 

4 

2 

9 

Labour (milk of lime preparation) (about) 

. 12 

0 

0 


£218 

16 

0 


£218 : 16s. 

322-5 tons of sulphate of ammonia 


= 13s. 6 d. per 


ton. 
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It will be seen from tlie foregoing cost sheets that 4s. Bd. per ton is involved in 
dealing with lipnor having 10 per cent of the total ammonia as fixed ammonia, 
9s. per ton in the case of 20 per cent of the total ammonia as fixed ammonia, and 
13s. 6d. per ton in the case of 30 per cent of the total ammonia as fixed ammonia. 

Apart from the latter considerations, the question of the unit price of ammonia 
must he considered. 

In determining the unit price of ammonia the chemical manufacturer who is 
responsible for the ofier or tender invariably takes his manufacturing costs into 
account, and assumes a certain nett realisation for the sulphate of ammonia. Of 
course there is an element of speculation where it is proposed to quote a fixed 
price. Manufacturing costs may increase or decrease ; similarly, the nett selling 
price for the period covered by the contract has to be conjectured. Hence, in 
these circumstances, the manufacturer, with every desire to be fair, must cover 
himself. It will be appreciated that where a fixed price is the basis of the pur- 
chase of gas liquor, a contract, generally speaking, is for a short tenure say, 
six or twelve months. Rarely do these contracts extend over a period of more than 
two years. 

A decade ago contracts of the character in question usually contemplated a 
price of 4s. 6d. per unit of ammonia, or 9s. 5d. per ton for gas liquor of 10 oz. 
strength— 2-17 per cent NHg— delivered to buyer’s tank wagons, where the railway 
rate paid by the chemical manufacturer was 4s. 4d. per ton. Costs of production 
of sulphate of ammonia, 24 per cent NHg, were £4 per ton, and the nett selling price, 
f.o.b. Hull, for good grey material was £13 : 16 ; 8 per ton. 

It will be interesting to examine the foregoing particulars to determine what 
was the probable profit to the chemical manufacturer, and incidentally to ascertain 
whether the gas undertaking was securing a reasonable price for its production of 
liquor. 


DATA 
Table 65 

1 ton of sulphate of ammonia, 24 per cent . . .0-24 ton NHg 

1 ton of gas liquor, 10 oz., 5° Tw. ..... 0-0217 ton NHg 

0-24 11-06 tons of gas liquor required for the production 

0-0217 ” of one ton of sulphate of ammonia. 


Assume in this case a 92i per cent efficiency : 


100x11-06 

9T^5 


= 11-95 — say, 12 tons of gas liquor required. 


A balance sheet can now be prepared thus : 
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Table 66 
Balance Sheet 


Dr. 

To cost of manufacture . .£400 

Cost of gas liquor, 12 tons @ 

9s. 5d 5 13 0 

Railway carriage, 12 tons @ 

4s. 4d. per ton . , 2 12 0 

Tank hire, 1 week @ Is. . 0 12 0 

Balance (profit) . . . 0 19 8 

£13 16 8 


By nett selling price for 1 ton 
of sulphate of ammonia, 
good grey, 24 per cent 
NH3 .... £13 16 8 


£13 16 8 


It is seen from the above that the extent of the profit is about Is. 7d. per ton of 
gas liquor, or 17 per cent. Where a risk of falling prices has to be run, and an advance 
of manufacturing costs is possible, one can scarcely cavil at such a profit. 


Slidino Scale Basis 

It must, however, be manifest that the most satisfactory basis of arrangement 
alike to the chemical manufacturer as to the gas undertaking is one which contem- 
plates a sliding scale, so as to reduce the element of speculation to a minimum. In 
this case the manufacturer is in a position to pay much better prices for the gas 
liquor to be supplied, and the seller has the satisfaction of knowing that the arrange- 
ment is calculated to admit of best possible terms being paid for his production of 
liquor. 

Now a sliding scale may be governed by several considerations. It may con- 
template {a) the strength of the liquor supplied, (b) the nett price realised for the 
sale of sulphate of ammonia, and it may, and indeed often does, contemplate (c) the 
cost of manufacture of the sulphate or other ammonium product. It must also 
contemplate (d) a certain production eflSciency. 

It may provide a sliding scale price for varying strengths of liquor, irrespective 
of the foregoing slide. It will be appreciated that gas liquor of different strengths 
possesses different values to the chemical manufacturer, and if the conditions at the 
gas works prevent the supply of a definite and uniform strength of liquor throughout 
the currency of the contract, then it often saves time and correspondence if the 
contract provides a price for the various strengths of liquor likely to be supplied. 

In connection with any such sliding scale contract, it will be realised that what 
has been said anent (a) the strength of the liquor supplied when dealing, in the former 
part of this chapter, with the question of a fixed price is equally applicable to a 
sliding scale arrangement. 

(6) Nett Price realised for the Sale of Sulphate of Ammonia. — ^At one time it 
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was tLe practice to take tke figures quoted in tke Gas J ournal week by week, and to 
deduct 2| per cent discount and I per cent commission, and tke cost of lighterage 
or railway carriage from the sulphate works to f.o.b. the port at which the product 
was delivered. 

In this way a satisfactory figure was reached. Recently, however, the practice 
has been to call for a certificate from a competent authority representing the nett 
sulphate price at port, and to make the necessary deduction in respect of freightage 
or carriage as the case may be. 

In any case, it should not be a difficult matter to secure an authentic figure in 
this connection which will be accepted without question both by the buyer and the 
seller. 

(c) The Cost of Manufacture of Sulphate of Ammonia, or other Ammonium Pro- 
duct. — It is usual when submitting a tender on the basis of a sliding scale contract 
to name a figure representing the cost of manufacture, and to state that this figure 
will vary half-yearly or yearly, as the case may be, according to wages, price of fuel, 
raw materials, and repairs and maintenance expenses, etc. By furnishing a figure 
when tendering the seller has an opportunity of determining not only whether the 
costs of manufacture in question are reasonable, but whether he is,^allying himself 
with an efficient or indifierent firm. With an indication at the outset of the contract 
as to the manufacturing costs, there is little difficulty in reaching an agreement 
as regards the subsequent adjustment, if any. 

In general, these adjusted figures will not vary very widely, although they may 
constitute a slight advance or reduction on the originally indicated manufacturing 
costs. 

{d) Production Efficiency. — ^What over-all efficiency can the manufacturer safely 
base upon, and what is reasonable from the point of view of the seller of the gas 
liquor A 95 per cent over-all efficiency should be possible in the manufacture of 
sulphate of ammonia, and a 93 per cent efficiency with liquor ammonia, muriate of 
ammonia, and carbonate of ammonia. 

Usually, however, an over-aH efficiency figure of 92-|- per cent is taken as the basis 
of sliding scale contracts, and, generally speaking, this may be regarded as a fair 
average. 

It will be seen that one is now in possession of the essential details to admit of a 
contract on a sliding scale basis being arrived at. 

Perhaps it will be desirable to translate the matter into figures in order to make 
the position explicit. 

Two types of sliding scale contracts will be considered : (A) one where the strength 
of the gas liquor is fixed, and the other (B) where the strength of the gas liquor varies 
between certain well-defined limits. 

Example (A) has reference to a gas works which undertakes to supply gas liquor 
of 12 oz. (6° Tw.) strength, delivered to buyer’s railway tank wagons f.o.r. seller’s 
sidings. The railway rate to buyer’s works is 3s. 3d. per ton. 
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DATA 
Table 67 

(a) 12 oz. liquor = 2-604 per cent NH3, or in one ton tliere is 0-02604 ton of 

ammonia. 

(b) One ton of sulpliate of ammonia (25-5 per cent) contains 0-255 ton of ammonia. 

0-255 
0-02604 ~ 

(d) Basing on 92-5 per cent over-all efficiency, 

9-792 X 100 

= 10-686 tons of gas liquor required in the production of one ton 

of sulphate of ammonia (25-5 per cent NHg). 

(e) Manufacturing costs, including tank hire, £8 per ton. 

(f) Nett works selling price on which the scale is based, £14 : 10s. per ton. 

(g) The profit which the chemical manufacturer contemplates is 12-1- per cent on 

the cost of production, i.e. £1, making the manufacturing cost plus profit 
into £9 per ton. 

{/^) There is therefore available for appropriation in respect of liquor involved 
in the production of one ton of sulphate : 


Nett works selling price ..... 

. £14 

10 

0 

Cost of manufacture, plus profit .... 

9 

0 

0 

Difierence ...•••• 

. £5 

10 

0 

Carriage, 10-586 tons @ 3s. 3d. per ton = (say) 

1 

14 

6 

Balance 

. £3 

15 

6 


(») 75-5 killings ^ per ton. 

10-586 tons of gas liquor 

(j) 10s. per ton advance or decrease in pric e of sulphate of ammoni a 
10-586 tons of gas liquor 

= ll^d. per ton. 


From the foregoing it will be seen that a tender could be submitted in the 
following form : 

“ We have pleasure in quoting you for your surplus production of ammoniacal 
liquor, estimated at 5000 tons per annum, on the undermentioned basis . 


282 


THE DESIG-N AND WOEKING OF AMMONIA STILLS 


Period op Con- 
tract. 

“ Strength op 
Liquor. 

“ Delivery. 

“ Weighing and 
Sampling. 

“ Price. 


Three years, commencing from July 1 next. 

12 oz., by the distillation test. 

To he to buyer’s railway tank wagons, at seller’s sidings. 

To he at seller’s works at time of loading, buyer to be repre- 
sented thereat if he so desires. 

The following sliding scale prices to obtain for the first year’s 
deliveries. For each subsequent year, the nett manu- 
facturing cost plus profit shall be reviewed and the 
prices per ton adjusted p'o rata. 



“ Sliding Scale for 

First Year 

Nett Selling Price for 

Sulphate of Ammonia 
containing 25-5 per cent NH 3 . 

Price per Ton of 

12 oz. Liquor. 

£18 

0 0. 

. £0 13 7f 

17 

10 0 . 

. 0 12 8^ 

17 

0 0. 

. 0 11 9| 

16 

10 0 . 

. 0 10 10 

16 

0 0. 

. 0 9 lOf 

16 

10 0 . 

. 0 8 114 

15 

0 0.. 

1 

0 

00 

0 

14 

10 0 .' 

.071 

14 

0 0. 

. 0 6 If 

13 

10 0 . 

. 0 5 24 

13 

0 0. 

1 

CO 

0 

Determination 
OP Nett Sell- 
ing Price. 

A certificate shall be issued by a competent authority each 
quarter, declaring the nett selling price for the preceding 
three months. 

Payment. 

Nett cash quarterly.” 



Consideration will now be given to Example B, where it is desired not only to 
cover conditions such as the foregoing, but where it is necessary to quote a differential 
price for several strengths of liquor varying from 10 to 13 oz., owing to the inability 
of the gas undertaking to guarantee a uniform quality of liquor throughout the year. 

It will be assumed that for the most part the gas undertaking will deliver 12 oz. 
liquor, but that in the summer months gas liquor as low as 10 oz. strength will be 
supplied. In order to show the application of differential prices it will also be 
assumed that during the winter months occasional tank loads of gas liquor of 12-5 
oz. and 13 oz. strength are sent to the chemical works. 


f 
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Now the factors which aFect the price of gas liquor when strengths below or 
above the standard are sent along are (a) steam, (b) carriage of liquor, (c) tank hire, 
and (d) to some extent wages and overhead charges. 

It is not so easy to say to what extent the still capacity is affected when a 
stronger or a weaker liquor than the standard is distilled. The author’s experience is 
that under practical conditions a distillation unit intended to deal with (say) 30,000 
gallons of liquor per day of 8 oz. strength will treat satisfactorily the same volume 
of 10 oz. liquor, but that a disproportionate loss of ammonia occurs if an attempt is 
made to distil stronger liquor than 10 oz. 

As a result of the examination of many cost sheets, not confined to one works 
alone, but affecting several works, the author has reached the conclusion that certain 
items in the cost of manufacture of sulphate of ammonia, such as sulphuric acid, bags, 
etc., remain the same, irrespective of the volume of liquor used per ton of sulphate 
made, but others — steam, wages, carriage on liquor, etc. — ^vary according to the 
strength of the liquor treated. The ratio of the items which vary according to the 
volume of the liquor invariably represents 4-0 per cent of the total cost of manufacture, 
Eeference to an earlier part of this chapter will show that the price to be paid for 
12 oz. liquor, when the nett selling price of sulphate of ammonia is £14 : 10s. per ton, 
is 7s. Id. per ton. 

The method of procedure to arrive at the sliding scale is as follows : 

The cost of manufacture is £8 per ton, and the cost of carriage is £1 : 14 : 6, 
giving a figure of £9:14: 6. Of this amount : 

40 per cent is £3 : 17 : 10, representing the variable items ; and 
60 „ „ £5 : 16 : 8, „ „ fixed items. 

The next step is to determine the fluctuating cost of manufacture for varying 
strengths of liquor. Such fluctuating cost is in inverse proportion to the strength 
of the liquor. Having arrived at what the variable cost of manufacture is for each 
particular strength of liquor, this cost, which may be regarded as x, must be added 
to the fixed cost of manufacture, giving the total cost, or fixed cost plus x. 
Table 68 furnishes these data. 

The next procedure is to deduct the cost of manufacture, plus £1 per ton profit, 
peculiar to each strength of liquor, from the nett selling price of sulphate of ammonia. 
A balance is arrived at in each case which is divided by the number of tons of that 
particular strength liquor in respect of which it is desired to determine the price per 
ton. By way of example, take 10 oz. liquor : it will be seen from Table 68 
that the balance available for division into the weight of liquor involved is £3 when 
the nett selling price of sulphate of ammonia is £14 : 10s. 

As 12-7 tons of 10 oz. liquor are required in the manufacture of one ton of 
sulphate of ammonia, given a 92| per cent efficiency, then 

— — = 4s. 9d. per ton as the value of the gas liquor. 

12-7 tons 
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Table 68 


s. 

77-8 

X 

12 

To 

s. 

= 93-36 

Variable Item. 

£ s. d. 

= 4 13 4 

+ 

Pixed Item. 

£ s. d. 

5 16 8 

Cost of Manufacture 
according to Strength 
of the Liquor. 

£ s. d. 

= 10 10 0 

77-8 

X 

12 

W6 

= 88-93 

II 

00 

1— ■ 

1— ■ 

+ 

5 

16 

8 

= 10 

5 

7 

77-8 

X 

12 

IT 

= 84-88 

= 4 4 11 

+ 

5 

16 

8 

= 10 

1 

7 

77-8 

X 

1 — ! 

= 81-20 

= 412 

+ 

5 

16 

8 

= 9 

17 

10 

77-8 

X 

12 

12 

= 77-80 

- 3 17 10 

+ 

5 

16 

8 

= 9 

14 

6 

77-8 

X 

12 

12-5 

= 74-69 

= 3 14 8 

+ 

5 

16 

8 

= 9 

11 

4 

77-8 

X 

12 

13 

= 71-87 

= 3 11 10 

+ 

5 

16 

8 

= 9 

8 

6 


If the nett, selling price of sulphate of ammonia is £18, then £6 : 10s. is available 
for distribution into the 12-7 tons of liquor involved, thus giving a figure of (say) 
10s. 3|d. per ton. 

If another case is considered where the liquor is higher than the standard of 
12 oz., the following calculations are involved : 


Take 13 oz. liquor : It will be seen in this case that the variable items of cost 
only amount to £3 ; 11 : 10 per ton, giving a total cost of manufacture of £9 : 8 : 6, 
which, with £1 per ton profit, aggregates to £10 : 8 : 6. If the nett selling price of 
sulphate of ammonia is taken at £14 : 10s. per ton, the amount available for distribution 
is £4 . 1 . 6. This amount, divided by the number of tons involved (9'77), 

81 -bs. 

If the nett selling price of sulphate of ammonia were £18 per ton, then the 
amount available for distribution would be £7:11:6, and this divided by the 
number of tons involved (9-77) gives (say) 15s. 5|d. per ton. 

On the basis of calculations of this character the following sliding scale is 
arrived at : o o 
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Table 69 


Nett Selling Price for 
Sulphate of Ammonia 


Price per Ton of Gas Liquor. 


containing zb'6 per 
cent NPI3. 

10 oz. 

10-5 

oz. 

11 

oz. 

ll-£ 

1 oz. 

12 oz. 

12-5 

oz. 

13 

OZ. 

£ 

S. 

d . 


d . 

s . 

d . 

6*. 

d . 

s . 

d . 

s . 

d . 


d . 

s . 

d . 

18 

0 

0 

10 


11 

2 

12 

oi 

12 


13 

7f 

14 

71 

15 

5i 

17 

10 

0 

9 

6 

10 

4 

11 

2 

11 

101 

12 

8i 

13 

7-i 

14 

5-i 

17 

0 

0 

8 

81 

9 

6 

10 

3i 

10 

Ilf 

11 


12 

7f 

13 


16 

10 

0 

7 

11 

8 

8 

9 

5 

10 

1 

10 

10 

11 

8 

12 

5 

16 

0 

0 

7 

11 

■‘-2 

7 

10 

8 


9 


9 

lOf 

10 

81 

11 

If 

15 

10 

0 

6 

4 

7 

0 

7 

8 

8 

31 

8 

Hi 

9 

8i 

10 

4i 

14 

10 

0 

4 

9 

5 

4 

5 

11 

6 

6 

7 

1 

7 

9 

8 

4 

u- 

0 

0 

3 

Hi 

4 

6 

5 

Oi 

5 


6 

If 

6 

91 

7 

3i 

13 

10 

0 

3 

2 

3 

8 

4 

2 

4 

8i 

5 

91 

5 

9i 

6 

3i 

13 

0 

0 

2 

4i 

2 

10 

3 

3i 

3 

9| 

4 

31- 

4 

9| 

5 

3i 


There is only one comment which need be made concerning the above sliding 
scale. It refers to the profit of the chemical manufacturer, which remains stationary, 
irrespective of the nett selling price of sulphate of ammonia. It may be suggested 
that this is hardly fair to the chemical manufacturer. On the other hand, if the plea 
is urged that the buyer of gas liquor should share the prosperity of the gas under- 
taking when the nett selling price of sulphate of ammonia advances, it will be agreed 
that it is only common justice to expect the chemical manufacturer to sacrifice some 
of his profit in times of adversity when the gas undertaking suffers by reason of a 
fall in the selling price of sulphate of ammonia below that contemplated when the 
sliding scale was devised. 

In all these matters a reasonable equipoise must be maintained. No sliding 
scale basis or other scheme can possibly legislate for every contingency, but a sliding 
scale of the above character is calculated to reduce the elements of speculation or 
contingent possibilities (call them what you will) to a minimum. 

This chapter does not profess to exhaust all the possible sliding scale schemes 
for the sale or purchase of gas liquor, but it is hoped that sufficient has been said to 
assist in a general appreciation of the underlying considerations involved, as indeed 
in the steps which must be taken in the determination of the figures constituting a 
sliding scale. 


CHAPTEE XIX 



AMMONIA STILLS OF THE AMMONIA-SODA PEOCESS 

The production of ammonia-soda involves tLe passage of carbon dioxide through 
brine saturated with ammonia, when the following reactions occur in a consecutive 
manner : 

(1) 2NH3-hH20-i-C02 = (NH 4 ) 2 C 03 . 

(2) (NH 4 ) 2 C 03 + H20+C02 = 2 NH 4 HC 03 . 

(3) NaCl + NH4HC03=NaHC03 4-NH4Cl. 

The brine is pumped direct to the ammonia saturators, and does not usually 
undergo any preliminary purification. The saturators, as will be seen from fig. 165, 

take the form of a tower, in connection with which 
special serrated distributing devices are used for 
the ammonia. These devices are sealed to a pre- 
determined depth in brine solution, which over- 
flows from tray to tray. As has been remarked in 
Chapter XII., concentrated ammonia liquor con- 
taining about 0-5 per cent of HgS, on the basis of 
26 per cent NHg, is used to restore the ammonia 
lost in the process. The temperature of the brine 
solution must be maintained below 60° C. by 
suitable means. The gas emerging from the 
saturators is passed through a second tower, or 
washer, to arrest the ammonia. The final tower 
is coupled to a vacuum pump, so as to reduce the 
pressure against which the ammonia issuing from 
the stills has to work. 

Due to the presence of sodium and ammonium 
bicarbonate in the mother liquor from the carbon- 
ating tower, it will be found that carbon dioxide 
is always associated with the gaseous ammonia 
from the stills. The liquid leaving the ammonia 
saturators usually has a composition of the follow- 
ing order : 

NaCI. NHg. COa. 

Grams per litre . . 260 80 45 

Fig. 165. — Saturator ror 

AMMORiATiNG Brine. To removB the suspended carbonates of cal- 

cium and magnesium arising from the impurities 
in the brine, the liquid leaving the saturators is passed to decp,ntation tanks. 
A clear supernatant liquor of tolerably constant composition is produced, and this 
is cooled to 30° C. to prevent loss of ammonia, and is then fed to the carbonating 
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apparatus. Meanwliile, tLe mud recovered in the decantation tanks is treated for 
tke recovery of ammonia. 

Carbon dioxide is pumped through, the clear supernatant liquor, which is dis- 
tributed over a Solvay tower, in the lower portion of which Cogswell coolers — a 
multitubular form of cooler, consisting of a number of mild steel pipes placed 
horizontally, and through which water flows — are expanded into tube plates. 

Carbonation usually proceeds in two stages, giving rise (1) to the production 
of ammonium carbonate, and (2) to the formation of ammonium bicarbonate, and 
the deposition of sodium bicarbonate. It is the practice to carry out each stage in 
a separate tower, and in the second apparatus a definite temperature of about 30° C. 
is maintained, so as to produce bicarbonate of the proper consistency. 

Owing to the formation of hard crusts of bicarbonate in the second tower, 
which create blockages, it is necessary to reverse the order of working the towers, 
and in this way the crusts are dissolved. 

The carbon dioxide used in the process, of carbonation is obtained from two 
sources, either (a) lime-kilns, or (&) calcination of bicarbonate in the production of 
soda ash. 

The GOg content of lime-kiln gas varies, of course, with the working, but reaches 
as high as 40 per cent. The calciner gas varies in COg content from 90 to 98 per cent. 
In practice, a mixture of the two is favoured for the carbonation of the ammoniacal 
brine. In this way an average of about 53 per cent COg is secured. The mother 
liquor emerging from the carbonating process along with the magma of bicarbonate 
undergoes filtration in a specially designed rotary filter, embracing a perforated 
drum covered with special filter cloth. A portion of the filter cloth dips into the 
dish containing the semi-solid, and a suction is applied from inside. Thus a layer 
of sodium bicarbonate collects on the filter cloth. This is washed with water to 
remove traces of ammonia, and is subsequently dislodged by knives as the cylinder 
rotates. 

During the washing of the cake the mother liquor is diluted, and contamination 
with sodium bicarbonate occurs. The mother liquor contains practically all the 
ammonia originally present in the ammoniacal brine. 

It is to the stills used in the dissociation of the ammonia from the mother 
liquor in question that this chapter is especially assigned. This mother liquor has 
the following approximate analysis : 

1-8 per cent of volatile ammonia, and 

6-0 ,, of fixed ammonia, largely as NH^Cl ; 

= 7-8 ,, total NH3. 

The principle followed in the treatment of the ammoniacal mother liquor is 
much the same as that pursued in the distillation of gas liquor. The stages of the 
distillation or dissociation are broadly divided into three. Initially, the volatile 
ammonia is dissociated, after which the liquor containing the fixed ammonia is mixed 
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Fig. 166. — Ammonia Stills — 
Ammonia-soda Process. 


with, cream of lime in a special rotary mixer, and sub- 
sequently the limed liquor is distilled. At all events, 
this is the procedure with the latest type of apparatus. 

Instead of a steam and ammonia ratio of 85-80 : 10-15, 
which obtains in the manufacture of sulphate of 
ammonia, a fairly pure and dry mixture of carbon 
dioxide and ammonia is evolved in the distillation of 
the ammonium chloride liquors. The latter gases are led 
to saturators for the preparation of ammoniated brine. 

Stills 

Eig. 166 shows a section of a Mond still, somewhat 
analogous to one in use at an American factory dealing 
with the ammoniacal mother liquor in connection with 
a plant producing 100 tons of soda ash per day of 24 
hours. The height of the American still, which is made 
of a steel-iron, is 91 ft., and its diameter is 10 ft. It 
comprises thirty-three circular compartments — eleven of 
which at the foot perform the distillation proper, and the 
remainder the preheating and dephlegmation . Ammonium 
chloride solution is admitted at the top, and milk of lime 
by two inlets in the tenth and eleventh compartments. 
The overflows are not arranged internally, as shown in 
fig. 166, but externally, with lateral joints. Eacility of 
cleaning is the object in view. The orifices for the 
passage of the gases are 24 in. wide, and the caps 
covering them have a lower diameter of 7 ft. 

But the ammonia-soda industry has not been 
without a boiler type of still, and in this respect there 
is an analogy with the plant used in the distillation of 
gas liquor. Fig. 167, first and second views, shows the 
ammonia stills consisting of four boilers (A) ; the dis- 
tributor (B) ; the distilling column (C) ; the cooler (D) ; 
the ammonia absorber (E) ; the vacuum pump (F), and 
the mother liquor tank (G). The boilers are provided 
with a conical bottom, reserved for distillation of the 
liquor with lime. The third view shows the equipment 
of such a boiler, which has two pipes connecting it with 
distributor (B)— pipe n for the inlet and pipe o for the 
outlet of the gas. The latter terminates at the top of 
the boiler ; the former {n) is a sort of dip pipe, ter- 
minating within 4 in. of the conical bottom. A sieve 
is fixed about the centre of the straight portion of the 
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boiler. Prior to entering the boiler, a branch pipe p connects pipe n with a blow- 
off pipe r for spent liquor ; p can be closed by the bell valve. The cock r of the 
discharge pipe is placed behind the junction of the pipe. The discharge pipe dips 
into the boiler almost as deeply as the steam pipe. Hence, during distillation, when 
is opened, steam flows through p and r into the boiler, and keeps the discharge 
pipe clean. To avoid the escape of liquor and steam from the discharge cock, it 
is secured by a stop flange behind the cock. 



Fig. 167. — Ammonia Stills — Four Views op the Am.monia-soda Process. 


The waste liquor which is carried away by a pipe {not shown) serves for preheating 
the boiler feed water prior to leaving the works. 

The steam space of the boilers is connected with that of the column, so as to put 
this in pressure equilibrium during the charging of the ammoniacal mother liquor. 
The feed pipe can be shut off by a valve t, which it is desirable to provide with a stop 
flange. Cock u serves for the introduction of milk of lime. 

The boilers are provided with manholes, pressure gauges, and several sampling 
cocks, which also serve for determining the height of the liquor. The boiler is carried 

19 
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on brickwork by snitable brackets riveted to the conical portion in such a way as to 

admit of the bottom of the boiler being accessible. . - t. j. 

The function of the distributor B is to cut ofi one of the boilers from the steam 



Fig. 168. — Fassbendee Distilling Column. 


pipes and for feeding the others with steam in rotation. The fourth view indicates 
the rotation method of operation as applying to four boilers. 

Fig. 168 shows a distilling column employed by Fassbender for the distillation of 
ammonium bicarbonate. The bottom portion exhibits the characteristics of many 
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well-known stills, and explanation is unnecessary. The multitubular cooler D is 
a continuation of the distilling column. A variety of forms are applicable for this 
purpose, provided they afford the proper essentials in the matter of gas and liquor 
velocities, cooling surface, etc. 

It is known that if the distilling apparatus is properly designed and carefully 
operated, the ammonia gas is practically denuded of all moisture, and the 
ammoniacal brine need not be fortified by the addition of solid salt. The stills 
and apparatus described have been in use at ammonia-soda works for more than 
twenty years. 

Fig. 169 shows a reservoir for mother liquor. It consists of a closed cylinder, 
placed at some distance above the ground, the mother liquor from the filters being 
forced into it by compressed lime-kiln gas. The manhole n serves for the introduction 
of the mother liquor. affords access to the flange in fig. 168 by means of a pipe, 
so that the pressure in both apparatus is in equilibrium, and the reservoir is susceptible 
to the same pressure variations as the still. The outlet w communicates by a pipe 
with the branch w of the coil of the distilling column, fig. 168. Gauge cocks and a 


0 

0 


w 

Fia. 169 . — Mother Liquor Reservoir for regulating Liquor Supply. 

manhole are provided. The bottom of this tank is at least 13 ft. above the inlet w 
of the column. As the diameter of the tank is about 8 ft., any variations of the depth 
of liquor within cause only a slight difference in the rate of feed to the column. This 
is a distinct advantage, ensuring, as it does, regularity of working. 

The question of steam consumption has frequently arisen, particularly in connec- 
tion with continental works, where fuel supplies were more expensive and not so 
readily available as they are in this country. Moreover, the desirability of distilling 
large quantities of ammoniacal mother liquor in one unit of plant as distinct from the 
supply of small quantities of liquor to several plants has been realised. 

Fig. 170 shows an up-to-date distilling unit, of the Mallet type, which speaks 
largely for itself. In connection with plants of this type exhaust steam can be used 
with advantage. One of these columns about 37-5 metres high and 4 metres diameter 
is capable of dealing with 11,000 gallons of ammoniacal mother liquor per hour 
having the analysis shown on p. 293. Most of the works having stills of the latter 
type reduce the ammonia content to 0-01 per cent of NHg. 

As illustrating the rapidity with which the ammonia is dispersed after the 
introduction of the limed liquor to the second column, the following figures, given 
by Bradburn, in dealing with the working of a Solvay column, are peculiarly 
interesting : 
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A. Agitating Column 

B. Automatic Ejector 

C. Vapour Box 

D. Lime and Mother Liquor Mixer 

E. Dissociator 

F. Tubular DephleEmator 

G. Tubular Cooler 

Cold Water 

— — > Hot Water 
■^■■0- 0 — Mother Liquor 
— ■ Miik of Lime 
— ■ Spent Liquor 

«« Ammonia Gas 

-^-e — Reflux 
■ < 0 steam 


Fig. 170. Mallet Agitating Column and Accessory Plant. 
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Table 70 



Grams per Litre. 

Total 

Ammonia. 

Free 

Ammonia. 

Combined 

Ammonia. 

Carbonic 

Acid. 

Ammoniacal mother liquor 

67-2 

15-0 

52-2 

39-3 

Compartment No. 21 

83-4 

39-0 

44-4 

26-2 

„ „ 20 . . . 

74-0 

30-7 

43-3 

9-0 

„ ,, 19 . 

66-0 

23-1 

42-9 

3-8 

„ 18 . 

62-8 

20-4 

42-4 

2-0 

„ 17 . 

60-5 

18-6 

42-0 

1-2 

„ 16 . 

57-7 

16-2 

41-5 

0-71 

„ 15 . 

55-0 

13-8 

41-2 

0-38 

„ „ 14 . 

53-0 

12-1 

40-9 

0-20 

„ 13 . 

52-6 

12-1 

40-5 



(Limed liquor introduced at this stage.) 


1 9 

,, ,, 

39-0 

39-0 



,, ,, 11 

9-7 

9-7 



,, ,, 10 

4-0 

4-0 



Q 

JJ )5 • 

1-9 

1-9 



11 S • 

1-0 

1-0 



7 

j ,5 < , . . 

0-6 

0-6 



11 11 ^ • 

0-33 

0-33 



P ) 

5 3 3 5 t-; . 

0-20 

0-20 



4 

5 3 3 3 * 

0-13 

0-13 



3 3 3 3 * 

0-05 

0-05 



9 

3 3 3 3 iij ♦ 

0-03 

0-03 



11 )) 1 ■ 

0-017 

0-017 




What impresses one about the latest type of still used in the ammonia-soda pro- 
cess is its formidable size and the large volume of ammoniacal mother liquor of high 
ammonia content distilled per hour, as also the extent to which the ammonia is 
eliminated from the spent liquor. Moreover, an object lesson is ahorded in the employ- 
ment of exhaust steam, which materially reduces the cost of distillation from a fuel 
point of view. 
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Control and operation of the still, 178 
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process, 233 
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design, 200 
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release of waste gases in, 72 
working details of, 73 
of gas liquor under vacuum, 119 
plant, starting ah ammonia, 172 
D rsTRiBUTiON of Air in forced draught furnaces, 24 
Draught, 41 
Drift, prevention of, 40 

Efficiency — 

factors governing, 177 
of boiler working, 43 
Effluent — 

liquor toxicity, and the factors governing it, 248 
liquor treatment, and the disposal of the sludge, 
239 

spent liquor, bacterial treatment of, 251 
treatment of, 248 

Elements of Ammonia Stills, 105 
Elimination of Ammonia in intermittent dis- 
tillation process, 72 
Entrainment — 

at varying gas velocities, experimental deter- 
minations, 93 
stills, 92 
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capacity of boilers, 38 
of water from and at 100° C., 38 
Experimental Plant for liquid purification pro- 
cess, 265 
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affecting still design, 91 
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governing the toxicity of effluent liquor, 
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from effluent liquor, 259 
Filter Pressing of sludge, 247 
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aspect of liquid purification process, 270 
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centrated gas liquor stills and plant, 186 
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bustion, 24 

Form of Bubbling Device, 95 
Fowler System of Purification, 251 
Fractional Distillation, 62 
Fuel — 

consumption in intermittent distillation process, 

71 

consumption per square foot of grate area, 38 
for steam generation, 23 
grading, 44 

recovery from ashes, 47 
financial aspect, 49 

Gas Liquor — 

considerations governing the price of, 275 
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Gas Liquor (contd .) — 
sliding scale basis of price, 279 
storage tanks, 68 
typical contract, 281 

Gasification of Breeze in pressure producers, 45 
Generation of Steam from low-grade fuel, 20, 23 
Grading of Fuel, 44 

Heat — 

absorbed, in the dissociation of ammonia from 
its salts, 86 

dissipation in the cooling system, 137 
interchangers, design of, 121 
lost by radiation, 89 
transmission, coefficient of, 136 
Heaters, 121 

Heating-oooling System — considerations affect- 
ing design, 133 

High Pressure DissociATOxrs, 207 
Hydrogen Sulphide — 

absorption by oxide of iron, 236 

its conversion to SOg, 227 

of waste gases, conversion to Claus sulphur, 233 

Installation Costs in intermittent distillation 
process, 73 

Interchange Heater — boiler feed water, 130 
Intermittent Distillation, 71 

Limb — 

consumption in the distillation of gas liquor, 145 
sludge, and its disposal, 258 
Liming — 

and the design of the necessary plant, 142 
and the liming chamber, 143 
apparatus for large works, 155 
for medium-sized works, 160 
for small works, 148 
chambers, 155 

pecuniary considerations, 142 
V. decarbonation, etc., by heat, 212 
Liquid Purification— 
process of, 262 

details of design and arrangement of plant, 
264 

experimental plant, 265 
financial aspect, 268 
technical aspect, 270 
theoretical phases, 262 

Liquor and Tar Settlement at Gas Works, 51 
Logarithmic Mean Temperature Difference, 
136 

Low Pressure Dissociation, 203 
Manufacture of — 

concentrated ammonia liquor with low pressure 
dissociator, 203 
tests, 203, 204 
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